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NEW BOOKS OF SCIENTIFIC INTEREST 


Principles of Electric and Magnetic Measure- 
ments. P. Vicoureux, C. E. WEBB. xi+392 pp. 
$5.00. Prentice-Hall. 


This book is intended to acquaint students of phys- 
ics and electrical engineering with the principles and 

ractice of experimental electricity and magnetism. 

he authors ballove it can also prove useful in helping 
the research student to grasp the general principles 
underlying measurements. 


A Survey of Physics. F. A. SAUNDERS. Second 
Edition. xiii+679 pp. Illustrated. $3.75. Holt. 





A text for the college student giving a concise treat- 
ment of the more elementary part of physics. The 
contents include the five topics: Mechanics, Heat, 
Sound, Electricity and Magnetism, and Light. Trigo- 
nometrie functions, numerical data, and a periodic 
table of the elements complete the volume. 








New Elementary Physics. MILLIKAN, GALE and 
CoyLe. xiv+635 pp. Illustrated. $1.80. Ginn 
and Company. 

This text-book, largely designed for the use of high 
school students, includes the latest discoveries in the 
field and their social significance. The usual branches 
of physics are supplemented by the modern accumula- 
tion of knowledge and an incidental picture course on 
the history of the subject. 


The Identity Theory. Second Edition. BLAMEY 
STEVENS. xvi+243 pp. Illustrated. $2.00. Sher- 
ratt and Hughes. 

Mr. Stevens’ identity theory, which concerns space, 
time, and inertia, is derived from the “natural and in- 
stinctive” basis for investigating the universe. The 
author analyzes his postulates by inductive and deduc- 
tive arguments. Detailed definition of technical terms 
and units of measurement is evident throughout the 
book. 


Modern Alchemy. Dororny M. Fisk. Illustrated. 
xii+171 pp. $1.75. D. Appleton-Century. 








This book projects the reader into the world of the 
electron, proton, neutron, “heavy water,” and various 
other distinctly recent discoveries concerning the na- 
ture of matter. By illustration and analogy it tries 
to explain and clarify the findings of workers who are 
making atomic history. 


World Beneath the Microscope. W. WATSON- 
Baker. 16 pp. and 90 illustrations. $2.50. Studio. 





This book deals with photomicrography. Repro- 
ductions of photomicrographs disclose the intricate 
design of tiny am shells, animals and inorganic 
matter when enlarged to visibility for the naked eye. 
The author desires to arouse interest in the daily sur- 
roundings of the layman. 


An Elementary Manual of Physiology. Russe.u 
Burtron-Opitz. Fifth Edition. Illustrated. 442 
pp. $2.50. Saunders. 

The purpose of this book is to acquaint the reader 
with the rudimentary facts of physiology. The sub- 
ject matter is divided into seven parts ; the physiology 
of muscle and nerve, the circulation of the blood and 
lymph, respiration, nutrition, the nervous system, the 
sense organs, and reproduction. 


More Simple Science. J. Huxuiey, E. N. ANDRADE. 
Illustrated. 352 pp. $2.50. Harper. 
This book is a summary of the history of scientific 


development for the layman. Beginning with the 
earth the authors pass on to a discussion of living 








poate and animals and tell how these things come to 
ye as they are through the processes of heredity and 
adaptation. 


A Basis for the Theory of Medicine. A. D. SpE- 
RANSKY. 452 pages. Illustrated. $4.00. Inter- 
national. 

In this volume the author investigates the effects 
of disease in causing changes in the nervous system. 
From experiment and theory, he throws light on the 
causes and processes of infectious disease. The book 
illustrates the Soviet principle of collective research. 





A Handbook of Urology. VERNON PENNELL. 
Illustrated. viii+224 pp. $2.75. Cambridge. 


The aim of this book is to place before a large body 
of medical students and practitioners a short account 
of urinary diseases, with methods for their investiga- 
tion and treatment. Details of operative technique 
have been reduced to a minimum, and only methods 
commonly employed have been described. 

Arthritis and Rheumatic Disease. Maurice F. 


LAUTMAN, M.D. xxii+177 pp. Illustrated. $2.00. 
McGraw-Hill. 


This book makes available a general consideration 
of arthritis and answers the questions which usually 
occur to those suffering from the disease. The author 
tells what is known about its causation, symptoms, 
methods of treatment, and prevention, and the value 
of health resorts and of various physical measures. 


Forest Insects. R. W. DoANE, E. C. VAN DYKE, 
W. J. CHAMBERLIN, H. E. Burke. Iilustrated. 
xii+ 463 pp. $4.50. McGraw-Hill. 








This text-book for students in forest schools and 
colleges and for forest workers describes the various 
orders of insects that are injurious to forests and 
forest products. The authors also discuss the prin- 
cipal methods of their control. Especial attention is 
given to bark beetles. 





Birds of America. T. GiLserT PEARSON, Editor- 
in-chief. xliv+289 pp. Illustrated. Garden City 
Publishing Co. 


This encyclopedia on birds contains short state- 
ments regarding the individual American birds and 
accounts of their characteristics and home life. The 
book, designed for both study and leisure reading, in- 
cludes 106 color plates by Louis Agassiz Fuertes. 


Mitla, Town of the Souls. Exsie C. Parsons. 
xix+590 pp. Illustrated. $4.00. University of 
Chicago Press. 





This is thé story of the peoples of Mitla and other 
Zapoteco-speaking Pueblos of Oaxaca, Mexico. Dr. 
Parsons attempts to convey insight into the ways in 
which the traits of an old culture may perish or sur- 
vive and those of a new culture may come to be 
adopted or rejected. 


Harvard College in the Seventeenth Century. 
SaMvuEL Etior Morrison. xx+707 pp. in two 


parts. Illustrated. $7.50. Harvard University 
Press. 





This story of Harvard College describes student life, 
college activity and organization, and the personality 
of its presidents. The discussion about the curricu- 
lum, especially the chapters on philosophy and the 
arts and sciences, belong to the field of educational 
history. 
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Three new basic texts for college 














/|! > LESSONS AND PROBLEMS | 
IN ELECTRICITY 4 Newell C. 


Page OF MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


Written by an experienced teacher, this new text is outstandingly | 
well arranged, clearly written, and teachable. The principal units of il 
electricity and their interrelationships are explained in thirty lessons, 1 
each lesson generously provided with well-tested problems. Calculus 
methods are used where necessary, but the text is on the whole non- 
mathematical. $2.75 








AN ADVANCED COURSE IN 
GENERAL COLLEGE PHYSICS | 


| by P.L. Bayley and C.C. Bidwell or vemou unwersirs 


This is the first text to provide complete work for a second year’s course 
in general physics. It has been prepared especially for students major- 
' ing in physics or engineering and is a much more far-reaching treatment 
of general physics than can be given in an introductory course. The 
necessary calculus is introduced gradually so that the book may be used 





in a physics course given concurrently with the calculus course. $3.50 











GENERAL CHEMISTRY 
Harry N. Holmes ox osenun cour 


Third edition, revised 


One of the leading texts in its field, this book has now been thoroughly 
revised and brought completely up to date. All important advances in 
theory and a great many of the new developments in applied chemistry 
have been covered. There are new chapters on Nuclear Chemistry, 
Radiation, and Acids, Bases and Salts. Many of the other chapters 
have been rewritten. New illustrations, diagrams, and tables have 


‘ been added. $3.50 


























Macmillan New York 
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RECENT BOOKS OF SCIENTIFIC INTEREST 


The New Acoustics. N. W. McLACHLAN. vi+ 166 


pp. Illustrated. $2.75. Oxford. 


After reviewing the early work in acoustics the 


n some detail 


author considers the following topics 
loud speakers, gramophones, sound films, the analysis 
of sound and measurement of frequency, the ear and 


deaf-aids, auditorium acoustics and absorption. 


The Psycho-Biology of Language. GrorcE K. 
Zier. ix+366 pp. $3.50. Houghton Mifflim Com 
pany. 

This book by a member of the Harvard Faculty will 
appeal to anyone interested in language as a form 
of human behavior Its findings are so conclusive 
and significant that they may inaugurate an entirely 
new approach to the study of normal and abnormal 


personality. 


Alaska Natives. H. DEWEY ANDERSON & WALTER 
C. EELLS. xvi+472 pp. Illustrated. $5.00. Stan 


ford University. 


A report of sociological and educational investiga 
tions made by the author for the United States Office 
of Education, with a view to improving the native 
schools It gives a picture of the Alaskans past and 


present, and their outlook for the future. 


The Relativity Theory Simplified and the Forma- 
tive Period of Its Inventor. MAx TALMEY. xi+ 
186 pp. Illustrated. $1.85. Darwin Press. 


An explanation of the theories of relativity for the 
intelligent layman, with a brief biography of Ein 
stein. The introduction has been written by Dr. 
George B. Pegram, professor of physics at Columbia 


University. 


Books previously announced will be given 


An Introduction to Atomic Physics. Joun THOoM- 
SON. 1x+228 pp. .$3.50. Van Nostrand. 
Dr. Thomson's lectures at Glasgow University de 


veloped into this text which aims to give the funda 
mental facts and theories of atomic physics to stu 


dents of science. The experimental bases of atomic 
physics, the theory of atomic structure, and the 
molecular, atomic and nuclear radiations are the 


main questions under discussion. 


Anatomy of the Fetal Pig. Jouwn G. SINCLAIR. 
xiv+80 pp. 51 ill. Wire binding. $2.00. Col 
legiate Press, Inc., Ames, Iowa. 


This laboratory guide—-completely illustrated, yet 
designed to give ample opportunity for student initia 
tive presents the anatomy in the order of a continu 
ous dissection. Following each system is an interpre 
tation linking the study closely with human anatomy 
and enhancing the manual’s value for use in premedi 
cal zoology, general zoology and vertebrate anatomy 


courses 
Annual Survey of American Chemistry, vol. X 
1935, CLARENCE J. WEsT, Editor. 487 pp. $5.00. 
Reinhold. 


‘ 


This is the tenth annual volume of a series that 
is devoted to covering the progress made in American 
chemistry. There are separate chapters on x-rays 
in metallurgy, electro-organic chemistry, food chem 
istry, gaseous fuels, cellulose, rubber and many other 
topics of current interest 
Tuberculosis. GERALD B. WEsB. xv +205 pp. 
Illustrated. $2.00. Paul B. Hoeber (Harper). 

This book, one of the “Clio Medica” series, con 
tributes to the history of medicine the history and 
treatment of tuberculosis. There are classic illustra 
tions and charts that shew the spread of the disease 


during the past few centuries. 


space six times on this page for $12.00 
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Two important new WILEY BOOKS 
2 


OUR NATURAL RESOURCES 
AND THEIR CONSERVATION 


By A. E. PARKINS, Editor-in-Chue f, Profe ssor of Geography, 
Geordge Peabody Colleae iQ) lea hers 
J. R. W HITAKER, Associate Editor. Assistant Professor of Geography. 


University oT | SCOnsSin 


It is the purpose of this book to survey the field of conservational theory and 
practice from the geographic viewpoint. Particular attention is given throug! 
out to the extent and distribution of our natural resources, and to their servicé 
in regional and national development ; each problem discussed is sharply local 
ized, being viewed as the outgrowth of natural and cultural conditions in sp 
cific parts of our country ; emphasis is placed on both the natural and the human 
factors involved in the genesis of current problems; and each problem is viewed 
not in isolation but in its relation to other problems associated wit] 


Specifically, “‘Our Natural Resources and Their Conservation’’ covers general 
aspects of conservation in America; problems of the conservation of land 
forests, water and water power, mineral resources, wild life, etc.; methods of 
handling these problems by local, state or natural action; the relation betwee 


the conservation of natural resources and the manufacturing industry ; rec 
tional resources, and the conservation of man 


Among those contributing to this book may be listed: WALLACE W \ voop, Sr., S. 8 
VisHER, Louis A. WoOLFANGER, H. H. BENNeET?r, J. RuSSELL Smiru, RALPH H. Brown, 
E. SHELFORD, H. C. HANSON, GrorGe J. MiLueR, O. E. Baker, J. R. WuiraAker, Ropert M 
Brown, FRANK E. WiLuiAms, A. E. PArRKINS, Guy-HAROLD SMITH, WILLIAM H. HAAS, NELS 
A. BeNnetTson, HELEN M. StronG, Epwarp CC. ProrpHet, ELLSwortTn H 0 Lo 


DURAND, Jr., AND GEORGE T. RENNER. 


650 pages; 121 figures; 6 by 9; College Edition, $4.00; Trade Edition, $5.00 


STATISTICAL METHODS IN BIOLOGY, 
MEDICINE AND PSYCHOLOGY 


By C. B. Davenport, Carnegie Institution of Washington, 
Cold Sp ind Ha yor, Vew } 0) h 


and Mere P. EKas 


The fourth edition brings this book completely up to date, as a npetent 1 constantly 
useful handbook by means of which various statistics may be nputed, e method of 
computing these statistics is shown, together with illustrations of some of 1 whines whic] 
make computation easy and rapid. Practical as a laboratory manual in the fields of biolog 
agriculture, medicine, psychology, education, commerce, physics, and chemist 

Fourth Edition 216 pages; 26 figures; 6 by 9; $2.75 


@ 
JOHN WILEY & SONS, INC. “sca” 














THE SCIENTIFIC MONTHLY—ADVERTISEMENTS 

















The Scientific Book Club works for others 
LET IT WORK FOR YOU 


Many men and women who have heard about the Scientific Book Club have asked 
the questions: What kind of books does your Editorial Committee select? How 

much do they cost? Are they all in one field? 
The twelve Scientific Book Club selections for 1935 answer those questions 


definitely. Here they are: 


MEN, MIRRORS AND STARS, by G. Edward Pendray $3.00 
RATS, LICE AND HISTORY, by Hans Zinsser 2.75 
FIFTY YEARS A SURGEON, by Robert T. Morris 3.50 
TOOLS OF TOMORROW, by Jonathan N. Leonard 3.00 
SCIENCE AND THE HUMAN TEMPERAMENT, by Erwin Schrodinger 2.50 
FISHES AND THEIR WAYS OF LIFE, by Louis Roule 3.75 
THE ROMANCE OF MOUNTAINEERING, by R. L. G. Irving 5.00 
GENETICS, by H. 8. Jennings 4.00 
MAN THE UNENOWN, by Alexis Carrel 3.50 
AUTOBIOGRAPHY OF EARTH, by John H. Bradley, Jr. 3.00 
OUTPOSTS OF SCIENCE, by Bernard Jaffe 3.75 
DISCOVERY, by Richard Evelyn Byrd 3.75 


Of these, two dealt with medicine and public health, and two were discussions of 
the earth and its wonders. One each covered the fields of applied physics and chem- 
istry, zoology and animal psychology, descriptive astronomy, physical geography, the 
principles and factors of evolution, and the philosophy of science. One book was the 
biography of a great surgeon, and another was a general survey of science in its many 
aspects. 


More than eighty other books, ranging from technical treatises to juvenile narra- 
tives, were recommended. They touched on almost every branch of science. 


Certainly here is evidence that the services of the Scientific Book Club and its 
Editorial Committee are invaluable to the trained scientist and to the interested lay- 
man. Yet membership costs nothing. You need buy through the Club only six books 
a year. i 
receive a free book to start your membership. 





Sign the attached coupon today. Give Scientific Book Club service a trial. 


Scientific Book Club, Inc. 
80 Lafayette Street, New York, N. Y. 


Kirtiey F. Matuer, Pu.D., Sc.D., 


i 
ArtHur H. Compton, Px.D., LL.D. | agree to pay it within 10 days of receipt. SM23 
Epwarp L. THornorke, Px.D., Sc.D., | 


EDITORIAL 
COMMITTEE 


You may enroll me as a sulscriber to your service and 
send me without cost THE ROMANCE OF MOUNTAIN- 
EERING, by R. L. G. Irving ($5.00 edition.) I am not 
committed to take more than six books during the com- 
ing year and I agree to notify you promptly during any 
Chairman month in which no book is wanted. The price of the 

book sent to me each month is to be the publisher's price 
plus postage. A bill is to be sent with each book and I 


Sc.D. 
Haran T. Stetson, Pu.D. 
FS tt. RE Ge oS Oe ae x iS a. Seti oe ak 


LL.D. a Se 6 ee ein doa J ieadone telnet 
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16 Eminent Scientists 
Trace the False Leads 
in the Stages of Science 


The STORY of 
HUMAN ERROR 


Edited by Joseph Jastrow. A lively and 
interesting volume covering the errone 
ous beliefs and false goals that have 
hampered the progress of every field 
of modern science. The contributors: 
Joseph Jastrow, James Harvey Robinson, 
Harlan T. Stetson, Kirtley F. Mather, 
John Leighly, William F. G. Swann, Eri 
T. Bell, Charles A. Browne, Howard M. 
Parshley, Homer W. Smith, C. Judsoi 
Herrick, Ralph Linton, George M. Strat 
ton, Harry Elmer Barnes, Howard W. 
Haggard, Abraham Myerson. 

Illustrated. $3.50 


At All Booksellers 











D. APPLETON -CENTURY COMPANY 
35 West 32nd Street, New York 








ARE WE HEADING FOR 


Boom or Panic? 


You’ll find all the answe! authoritativel 
and wittily presented in these pages. \ 
World In Debt is the most lucid and stra 
forward book on economics since Stuart Chase 
made the subject exciting to the genera 
reader. Many writers have explained what 
debt is: this book tells, for the first time, 


what debt does. An indispensable vo 
for every citizen interested in his country’s, 
and inevitably his own, welfare. ‘* For 


analytical insight, simplicity of expression, 
and current pertinence of historical example, 
this book is like an answer to prayer.’’ 

Edward E. Chase in Portland, Maine, Ex 


press. #2 50 


—A World 
in Debt FREEMAN 


TILDEN 











FUNK & WAGNALLS COMPANY 
New York 





CHEMISTRY OF NATURAL 
PRODUCTS RELATED TO 
PHENANTHRENE 
y L. F. Fieser, Associate 
Professor of Chemistry, Harvard University 
A. C. 8. Monograph, No. 70—368 Pages 


$6.50 
HIS book pr vides a } re} IslVe ind 
T thor yughtly readable a ) t of the re 
narkable disclosures of recent researe] 
Each subject is de | separa but 
tt mis g ‘ 
n. 
Su S I ‘ 5 pa I 
problems, discussio gica 
tul ind a ons } | 
eX he yg } 
SUI ind analy rtair 
ng gin and : 
nds I I ) 
derstanding 


THERMOCHEMISTRY OF THE 
CHEMICAL SUBSTANCES 


The assembly of a_ self-consistent table of 

“best"” values for the heats of formation of 

the chemical substances (except carbon cém 

pounds § containing more than twe carben 

atoms), including heats of transition, fusion, 
and vaporization 


By F. Russell Bichowsky and Fred. D. Rossini 


Editor for Thermochemistry for Scientist in physical chemistry at 
the International critical tables the Nationa! Bureau of Standards 


464 P.—5840 values of heats of formation 


$7.00 
‘ BOOK . lis sal 
i it I 
t 
y gal 
= i’ } ’ 
; 
’ ul , 
‘ d y Die 
pin i I 
mn g s ’ S68 
I s tis I 
ib 
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ij ni } 7 T) eit ) 
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i nd de i n\ iad I yy 
j I n es l this f 
] 3 in no Firs ! 
rage with respect to iInorgan 
stances and all organic compounds wit! 
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col ! na if th ilues ‘ of 
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Send for our list of 127 titles 


REINHOLD PUBLISHING CORP. <2 ¥.{°s ¥ 
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HOW WE CAME BY OUR BODIES 


By CHARLES B. DAVENPORT, Carnegie Institution 


“No process known to science can possibly be as complicated or so marvelous as that which 
involves the development of the human body from a single fertilized cell. This book is 
a masterly report of the remarkable advances in knowledge which have been made in recent 
years through research in this particular phase of biological science . . . Dr. Davenport 
is among the most eminent of American men of science. To have in a single volume the 
product of his mature consideration after a lifetime of unusually profitable research in 
genetics and eugenics is indeed a privilege. Although intended for the layman as well 
as the professional scientist, this is by no means a sugar-coated popularization. Dr. 
Davenport’s ability as an expositor, his own clear comprehension of what he wants to 
say, and the many excellent illustrations make it possible, however, for almost any reader 
to follow his thought without difficulty. This book is in fact a fine example of literature 
which is profound but never dull, erudite but never failing in interest.”—Arthur H. 
Compton, Kirtley F. Mather, Harlan T. Stetson and Edward L. Thorndike in the Scientific 
Book Club Review. $3.75 


HENRY HOLT & COMPANY « 257 Fourth Avenue » New York 
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Now available a | 


| MANUAL OF PACIFIC 
{ COAST DRUG PLANTS 


by 





} ERNST T. STUHR : 

: Department of Pharmacology and Pharmacognosy : 
OREGON STATE COLLEGE : | 
i A consideration of the medicinal plants thriving throughout 

= the Pacific slope states—presenting the scientific and common { 
names, the part used, the therapeutic uses and approximate ranges =: | 

of the respective plants. Especially adapted as a reference of exist- = | 
ing economic plants in this vast Pacific coast area. | 
{ Price Postpaid $2.65. For sale by 
| The Science Press Printing Company 
Lancaster, Pa. 
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CARNEGIE INSTITUTION 
OF WASHINGTON 


is a research organization working in many 
fields. Its monographic publications are 
placed in the principal libraries of the 
world. Copies can be purchased at reason- 
able prices. 


These publications comprise studies in the 
following fields: 


Archaeology History 
Anthropology Literature 
Astronomy Mathematics 
Biology Nutrition 
Botany Paleontology 
Chemistry Palaeography 
Ecology Philology 
Economics Physics 
Embryelogy Terrestrial Magnetism 
Genetics Zoology 
Geology 


Descriptive lists and prices may be ob- 
tained by addressing: 


CARNEGIE INSTITUTION OF WASHINGTON 


WASHINGTON, PD. C. 

















ECOLOGY 


All Forms of Life in Relation to Environment 

Established 1920. Quarterly. Official Publication 
of the Ecological Society of America. Subscription, 
$4 a year for complete volumes (Jan. to Dec.). Parts 
of volumes at the single number rate. Back volumes, 
as available. $5 each 
free. Foreign postage: 


GENETICS 


A Periodical Record of Investigations bearing 
on Heredity and Variation 

Established 1916. Bi-monthly. 

Subscription, $6 a year for complete volumes (Jan 
to Dec.). Parts of volumes at the single number rate 
Single numbers, $1.25 post free. Back volumes, as 
available, $7.00 each. Foreign postage: 50 cents. 


BROOKLYN BOTANIC 
GARDEN MEMOIRS 


Volume I: 33 contributions by various authors on 
genetics, pathology, mycology, physiology, ecology, 


Single numbers, $1.25 post 
20 cents 


plant geography, and systematic botany. Price, 
$3.50 plus postage. 
Volume II. The vegetation of Long Island. Part I. 


The vegetation of Montauk, etc. By Norman Taylor. 
Pub. 1923. 108 pp. Price, $1.00. 

Vol. Ill: The vegetation of Mt. Desert Island, 
Maine, and its environment. By Barrington Moore 
and Norman Taylor. 151 pp., 27 text-figs., vegeta- 
tion map in colors. June 10, 1927. Price, $1.60. 

Volume IV: Commemoration program. 15 papers 
on twenty-five years of progress in botany and horti 
culture, 1910-1935. Price $1.35 post free. 

Orders should be placed with 


The Secretary, Brooklyn Botanic Garden 
1000 Washington Ave., Brooklyn, N. Y., U. 8. A. 








POPULAR SCIENCE BOOKS 
THROUGH THE TELESCOPE 


By Epwarp ArTHUR FATH 
Professor of Astronomy at 
Author of Elements of Astronomy 


Carleton College; 
A lively account of the stars which tells the unini- 
tiated reader what is now known about them, with 
The author takes the 
reader to two great observatoris s, the Lick and the 
Mt. Wilson, describes the apparatus and what one 


out the use of mathematies. 


sees when seated in the observer’s chair, and illus 
trates the descriptions with photographs taken with 
modern, long-range observatory cameras. 
“Of all the recent popular books on astronomy, this is 
the easiest to read.”’ \. YY. Sun 

105 illustrations. $2.75 


PROGRESS OF ARCHAEOLOGY 


By STANLEY CASSON 
Reader in Classical Archaeology it 
Author of {ne 


Oxford ; 
ent Greece, Some Modern Sx ulp 


discovery in Western Eur ype: the East tron Iraq 
I Greek 
‘ ‘ ‘ Ys R ISS iii, T irkest in, 

Mongolia, Siberia and China: and Am« 
“A particularily excellent little book for those who 
want an outline of the fundamentals of 
1 with information of latest developments 


coupled its i 
Vv. ¥. Time 43 Illustrations. 


archaeology 


$2.00 

BEFORE THE DAWN OF 
HISTORY 

By CHARLES R. Kwnia! 
A picture-] k f wre-histor ! ~ ( na 
ira ! ronme s nd early xt de 
scribing anciel fe and how modern scientists get 
he nformation ab if Mr. Knight’s pictures 
are exhibited in the American Museun f Natural 
History, the Field Museum, et 
“The scientific picture book of the ye \ ) Herald 
Tribune 
“The pictures of ill those prehistoric monsters are 
simply super! Naturday Revis of Literat 

$2.50 
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CONSTITUTION OF THE STARS 


By Sir ARTHUR STANLEY EDDINGTON 
PROFESSOR OF ASTRONOMY, UNIVERSITY OF CAMBRIDGE 


WHEN we turn a telescope on the sun, 
we look at it through its tenuous en- 
velopes—the corona and chromosphere— 
then down through a few hundred kilo- 
meters of its outermost atmosphere, to a 
level where it becomes too opaque for us 
to see further, just as, in looking down on 
the ocean, we can see down a few feet 
but no further. At the vaguely defined 
level which is the limit of our vision, the 
temperature is about 6,000°. What lies 
below that level? What is it like deep 
down in the interior of the sun—and the 
other stars? 

The exploration of the deep interior 
of the stars began in 1869 with a paper 
by Homer Lane of Washington, which 
he entitled, ‘‘On the Theoretical Tem- 
perature of the Sun, under the Hypothe- 
sis of a Gaseous Mass, Maintaining its 
Volume by its Internal Heat and De- 
pending on the Laws of Physics as 
Known to Terrestrial Experiment.’’ 
Evidently he didn’t believe in snappy 
headlines. This paper has been the 
foundation of developments by Ritter, 
Emden and others, which are being con- 
tinued at the present day. 

There is a phrase in the title of Lane’s 
paper which I would underline: ‘‘De- 


pending on the laws of physics as known 
to terrestrial experiment.’’ That ex- 
presses the principle of which I profess 
myself a devotee. We want to find out 
how far the phenomena which we observe 
in the sky agree with, and are a conse- 
quence of, the laws that have been as- 
signed to matter as the result of terres- 
trial experiment. Take ordinary matter 
—some mixture of the elements that we 
know—and apply on a large scale the 
properties of matter and radiation that 
have been found by experiments on a 
small scale. Treat it as though you were 
designing a large dam instead of a large 
star—with just the same kind of calcula- 
tions and exercising so far as possible the 
same kind of foresight. The conditions 
in the star are very extreme; but the 
ultimate things to be dealt with—elec- 
trons, atomic nuclei, x-rays—are the same 
in the star as in the laboratory, and we 
can apply our laboratory knowledge of 
them. Calculate in this way what will 
be the properties of the huge mass— 
what, for example, will be its output of 
heat and light, what will be its period if 
it is set pulsating. Calculate ‘‘according 
to the laws of physics as known to ter- 
restrial experiment’’; and then turn to 
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the man with the telescope and ask, ‘‘Is 
that anything like the stars you come 
across in the sky?’’ It may be that he 
will point out differences. If the stars 
have anything new to reveal to us— 
which the physicist with his limited con- 
ditions of experiment has been able to 
foresee—we shall in this way sort it out 
from that which is a direct consequence 
of what we already know or think we 
know. 

Investigations which follow this course 
of procedure are clearly not speculative. 
However faulty and uncertain they may 
be, they keep to the pedestrian path of 
progress and eschew flighty conjecture. 
Parenthetically, may I ask whether it is 
not possible for critics of theoretical 
investigations of the stars to find some 
other term of disapprobation than the 
term speculative; one prefers to have 
even one’s faults called by the right 
name. I don’t class all speculation as a 
fault; and it has sometimes happened 
that important advances have begun in 
a speculative way. The real harm is 
when speculative attempts are not suffi- 
ciently discriminated from the straight- 
forward application of existing knowl- 
edge; and the converse is no less harmful 
—when Lane’s pattern of investigation, 
that is to say, the results of applying 
on the stellar scale the laws found in the 
laboratory, is confused with the frankly 
speculative theories that have at times 
been put forward; and, perhaps I may 
add for the benefit of the mathemati- 
cians here, worst of all, when stars con- 
stituted of matter obeying the laws of 
physics, so far as they have been un- 
raveled to-day, are confused with mathe- 
matical creations whose only claim on 
our attention is that they satisfy elegant 
differential equations. 

I will not guarantee that the conclu- 
sions that I shall put before you will 
survive the progress of knowledge in the 


next fifty years. If by then the stars of. 


gaseous constitution which we accept to- 
day have given place to liquid stars or 
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solid stars or, as I once suggested, crys- 
talline stars composed of gaseous crystals 
—well, there have been more surprising 
changes in science than that. But I 
believe firmly that the conclusions are 
such as fit our present scientific knowl- 
edge; and that they represent present- 
day astronomy in step with present-day 
physics. To use a rather favorite word 
nowadays, wnification, the interest of 
these investigations is, I think, not so 
much dependent on the absolute infor- 
mation they yield, as in the unification 
of physics and astrophysics—enabling 
us to see one underlying cause or one 
elementary equation at the root of the 
most diverse manifestations, tracing its 
effects in the vacuum tube, in the inte- 
rior of star, in the diffuse nebulae, and— 
not least—the system of galaxies which 
constitutes the cosmos. 

I want to leave time to speak of recent 
problems, so I will run over rather 
briefly the older part of the subject. 
Let us suppose that by observation from 
outside we have ascertained the mass M 
and the radius R of a star—just those 
two data. Armed with this information, 
what can we deduce (by laws of physics) 
about its interior? 

The first difficulty is that, although 
we have ascertained the total mass, we 
have not found how it is distributed— 
whether it is fairly uniform throughout 
the volume of the star or strongly con- 
centrated to the center. I won’t stop to 
explain how we have got over this diffi- 
culty; but it is a side of the problem 
in which considerable progress has been 
made in the last year or two. Although 
we can not determine the concentration 
accurately, we can assign limits by 
purely theoretical deduction. The cen- 
tral density is not less than five times the 
mean density, and not more than fifty 
times the mean density—so that we know 
roughly the degree of concentration that 
we are up against. 

Knowing then how the mass is dis- 
tributed in the structure we can cal- 
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culate the pressure at any depth. Any 
civil engineer will tell you that that is 
possible, so that we know the pressure 
as well as the density at each point in 
the interior. Now the density, pressure 
and temperature are connected by a 
relation called the equation of state of the 
material; if any two of them are known 
we can find the third. In this case we 
know the pressure and density and we 
ean therefore find the temperature— 
which is, of course, an extremely im- 
portant thing to find out—in order to 
realize the sort of conditions we have to 
deal with. For all the stars except white 
dwarfs, the equation of state, which con- 
nects the temperature with the pressure 
and density, is the well-known equation 
of a perfect gas. For the extremely 
dense matter in white dwarf stars the 
equation is more complicated; but the 
theoretical physicist by his terrestrial 
studies has worked out for us the re- 
quired equation. (Incidentally he has 
worked it out wrong—but that is an- 
other story, and I’ll speak about the 
white dwarfs later. For the present we 
will keep to the ordinary stars.) 

The internal temperatures determined 
in this way are of the order 10 to 20 mil- 
lion degrees Centigrade. Having ascer- 
tained this, we begin to realize the state 
of things that we have to deal with. At 
this temperature all the atoms will be 
highly ionized. Light elements such as 
oxygen will be stripped bare to the nu- 
cleus, and heavy elements such as iron 
and lead will retain only a few of the 
innermost satellite electrons. The rest 
of the electrons will be free. We have 
therefore to deal with a population con- 
sisting of free electrons, the shattered 
remnants of atoms and photons or 
quanta of radiation. Planck’s law de- 
termines both the amount and kind of 
radiation present at a given tempera- 
ture. At 10 to 20 million degrees the 
radiation consists of rather soft x-rays. 

Now, we can see more or less what is 
happening at 10 million degrees in the 


interior of the sun. Crowded together 
within a cubic centimeter there are more 
than a quadrillion atoms, about twice as 
many free electrons and 20,600 trillion 
x-rays (British reckoning). The x-rays 
are traveling with the speed of light, and 
the electrons at 10,000 miles a second. 
Most of the atoms are hydrogen atoms 
or rather, since they have lost their satel- 
lite electrons, simply protons traveling 
at 300 miles a second. Here and there 
there will be heavier atoms such as iron 
lumbering along at 40 miles a second. I 
have told you the speeds and the state of 
congestion of the road; and I will leave 
you to imagine the collisions. Small 
wonder if the atoms are found with their 
garb of electrons badly torn or even 
stripped naked. 

The stripped atoms are continually 
capturing free electrons and, so to speak, 
repairing their dress; but scarcely has 
the captured electron settled when an 
x-ray bears down on it and explodes it 
away. This is not a fanciful picture. 
These are phenomena which have been 
found happening in the laboratory when 
we use x-rays of the same wave-length 
and electrons of the same speed as in the 
sun. There is no need to go beyond the 
limits of terrestrial experiment to dis- 
cover what is happening to the popula- 
tion, and all the calculations have an 
experimental basis. 

The atoms and electrons are rushing 
violently hither and thither; but on the 
whole they do not get any ‘‘forrarder’’; 
gravitation pulls them back and keeps 
the material of the star in equilibrium. 
But the x-rays gradually leak outwards. 
They are subject to gravitation, it is 
true; but their velocity of 186,000 miles 
a second is sufficient for escape from any 
star. It is just the same as in the theory 
of planetary atmospheres, where gravita- 
tion is sufficient to retain the heavier 
constituents, but the lightest atoms have 
sufficient velocity to escape. The planet 
thus loses the lightest gases; and in the 
same way the star loses (or, as we say, 
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radiates) photons of radiation. I should 
explain that, although these photons are 
x-rays in the interior of the star, they 
are transformed down to longer wave- 
length in passing through the last few 
thousand kilometers of comparatively 
cool matter; so that it is in the form of 
light and heat waves that they finally 
escape. 

So you may picture a photon of radia- 
tion, barging first one way, then another, 
like a man in a rioting mob—absorbed 
by an atom and flung out again in a new 
direction. In this way a photon in the 
sun will wander aimlessly round in the 
interior for a million years or more un- 
til, just by accident, it finds itself at the 
exit of the maze—shoots through—and 
makes a bee-line across space to the Oak- 
ridge reflector, where Professor Shapley 
photographs it. 

Having first ascertained the particu- 
lars about the population that I have 
been describing, we can apply the laws 
(based on laboratory experiment) which 
determine the amount of obstruction of- 
fered by atoms and electrons to the pas- 
sage of x-rays, and so find how many 
photons leak out into space per second. 
We can compare this result with obser- 
vation—that is to say, we can see 
whether Professor Shapley catches as 
many of them with his telescope as (ac- 
cording to our calculation) he ought to 
eatch—in short, whether the star is actu- 
ally as bright as our calculation makes 
it. 

Tn the last few years we have found a 
complication in the calculation which I 
must now explain. At an earlier stage 
we had to ask the physicist to supply a 
formula giving the temperature of a gas 
when the pressure and density are 
known. Not unreasonably he will ob- 
ject : ‘‘ You have not given me enough in- 
formation. What is the gas?’—oxygen? 


iron vapor? mercury vapor? or what? 
We can not say.’’ 

But on second thought he withdraws 
the objection. 


‘*‘Never mind. Ordina- 
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rily it would make a big difference, but 
at the high temperatures we are con- 
cerned with it makes practically no dif- 
ference what element we take. The 
atoms will be almost completely ionized ; 
that is to say, their satellite electrons 
will be moving as free particles. We 
only want to know the average weight 
per free particle. The number of satel- 
lite electrons in an atom is roughly half 
the atomic weight—-so that we shall have 
roughly 2 units of weight per particle, 
for example, oxygen. Owing to this re- 
markable property it has been possible 
to make considerable progress with the 
theory of the interior of a star without 
knowing what chemical elements it is 
composed of.’’ 

Those are the physicist’s second 
thoughts. But on third thought he ex- 
claims, ‘‘Bother! There’s hydrogen.’’ 
The rule that there are two units of 
weight per particle does not work for 
hydrogen. It has atomic weight 1 and 
splits up into a proton and electron so 
that the average weight per particle is 
4—instead of 2. That makes a vast dif- 
ference. 

A year or two ago the physicist had 
some alarming fourth thoughts about 
neutrons; but neutrons are absorbed 
very easily by atomic nuclei and I think 
they will have only a transitory ex- 
istence on the sun, as on the earth, and 
never form an appreciable part of the 
population—so we won’t worry about 
fourth thoughts. The crux of the mat- 
ter is that, for the purposes of these in- 
vestigations, there are just two kinds of 
matter, namely, hydrogen and not-hy- 
drogen. Hydrogen gives a much lower 
temperature than not-hydrogen, and 
therefore lower brightness for a star of 
the same mass and radius. Our compari- 
son of theory and observation can there- 
fore be used in two ways. We can cal- 
culate the brightness of a star, assuming 
+the material to be not-hydrogen, com- 
pare it with observation, congratulate 
ourselves on the partial agreement we 
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find, and ponder over the possible 
sources of the discrepancies which re- 
main—one possible source of discrep- 
ancy will be the presence of a significant 
proportion of hydrogen. The other way 
is to try various combinations of hydro- 
gen and not-hydrogen until we find the 
proportion which gives precise agree- 
ment of the calculated and observed 
brightness. That is the method we gen- 
erally employ nowadays; the observed 
brightness of a star tells us what propor- 
tion of its mass consists of hydrogen. 

Dr. Bengt Strémgren found in this 
way that the sun, Capella and other typi- 
cal stars contain 33 per cent. of hydro- 
gen. My own calculations agreed pre- 
cisely. This agreement is rather spe- 
cially interesting because we adopted 
different composition for the remaining 
66 per cent. of the mass. Strémgren 
used a mixture of rather light elements, 
familiarly known as ‘‘Russell’s Mix- 
ture,’’ believed to agree with the compo- 
sition of the outer layers determined 
with the spectroscope; I used a mixture 
about three times heavier. Our precise 
agreement confirms what I have already 
said—that it makes no difference what 
kind of stellar material you assume—so 
long as it is not-hydrogen. It is still 
doubtful to what extent the proportion 
of hydrogen varies in different stars; 
there is some evidence that it is greater 
in the most massive stars, but the evi- 
dence is not very good. An important 
paper presented by Professor H. N. 
Russell to the Tercentenary Conference 
was partly devoted to this question. 

I must say a word about the agree- 
ment of theory and observation. Since 
we determine the proportion of hydro- 
gen so as to make the observed and cal- 
culated brightness agree, we obviously 
can not claim that the agreement is a 
confirmation of the theory. Nevertheless 
it does furnish a fairly efficient check. 
Unless the theory were pretty near the 
truth we should find that for some of the 
stars which we try, it would be impos- 


sible to find any proportion of hydrogen 
that would bring about agreement. It 
is satisfactory therefore that all the stars 
give a reasonable proportion. If Strém- 
gren had found, instead of 33 per cent., 
an answer which involved the square 
root of —1, as might easily have hap- 
pened, we should have concluded that 
there was something fishy about the 
theory. 

The recognition of white dwarf stars 
with density far transcending that of 
any terrestrial matter is one of the more 
spectacular developments of the study of 
stellar constitution. A cubic inch of the 
matter of the companion of Sirius weighs 
about a ton and some of the more re- 
cently discovered white dwarfs appear to 
have higher densities even than that. In 
order to explain a new point which has 
arisen in connection with the theory of 
these stars, I must go back to past his- 
tory. In 1924 the mass-luminosity rela- 
tion—that is, the formula expressing the 
result of the calculation I have been de- 
scribing—was worked out; and, on com- 
paring with observation, it turned out 
that it was obeyed not only by the diffuse 
giant stars for which it was intended but 
also by the dwarf stars with densities 
greater than water for which it was not 
intended. This was a complete surprise. 
But the explanation was not difficult to 
find. We had been taking it for granted 
that stellar matter would cease to be- 
have as a perfect gas when the density 
approached that of ordinary liquids or 
solids. Ordinary terrestrial atoms then 
begin to jam together and the material 
becomes almost incompressible. But in 
the stars the temperature of 10 million 
degrees causes most of the satellite elec- 
trons to be stuffed away from the atom, 
and what is left of the atom is a tiny 
structure. The atoms or ions are so re- 
duced in size that they will not jam until 
densities 100,000 times greater are 
reached. For this reason, the perfect gas 
state continues up to much higher den- 
sities in the stars. The sun and other 
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dense stars insisted on obeying the the- 
ory worked out for a perfect gas, as they 
had every right to do, since their mate- 
rial was perfect gas. 

There was therefore nothing to pre- 
vent stellar matter from becoming com- 
pressed to exceedingly high density ; and 
it suggested itself that the densities 
which had been caleulated from observa- 
tion for certain stars called white 
dwarfs, which had seemed impossibly 
high, might be genuine after all. 

In reaching this conclusion I was not 
without a certain misgiving. I was un- 
easy as to what would ultimately happen 
to these super dense stars. The star 
seemed to have got itself into an awk- 
ward fix. Ultimately its store of sub- 
atomic energy would give out and the 
star would then want to cool down. But 
could it? The enormous density was 
made possible by the high temperature 
which shattered the atoms. If it cooled 
it would presumably revert to terrestrial 
density. But that meant that the star 
must expand to say 5,000 times its pres- 
ent bulk. But the expansion requires 
energy—doing work against gravity; 
and the star appeared to have no store 
of energy available. What on earth was 
the star to do if it was continually losing 
heat, but had not enough energy to get 
cold! 

The high density of the companion of 
Sirius was duly confirmed by Professor 
Adams—but this puzzle remained. 
Shortly afterwards Professor R. H. Fow- 
ler came to the rescue in a famous paper, 
in which he applied a new result in wave 
mechanics which had just been discov- 
ered. It is a remarkable coincidence 
that just at the time when matter of 
transcendently great density was dis- 
covered in astronomy, the mathematical 
physicists were quite independently 


turning attention to the same subject. I 
suppose that up to 1924 no one had given 
a serious thought to abnormally dense 
matter; but just when it cropped up in 
astronomy it cropped up in physics as 


well. Fowler showed that the newly dis- 
covered Fermi-Dirac statistics saved the 
star from the unfortunate fate which I 
had feared. 

I will say a word or two about Pro- 
fessor Fowler’s explanation. My col- 
league Fowler was in his youth a pure 
mathematician, and I am afraid he has 
never really recovered from this up- 
bringing. Consequently, although his 
paper contained reassuring equations, it 
did not clearly reveal the simple physical 
modification of ideas which wave me- 
chanics brought about. He proved that 
the star would manage all right. But, as 
you may have inferred from Professor 
Hardy’s revelations, I am not an ex- 
treme worshipper of proof. I want to 
know why; a proof does not always tell 
you that. As Clerk Maxwell used to ask, 
‘‘What’s the go of it?’’ Well, in this 
case the ‘‘go of it’’ was that whereas the 
older theory said that atoms could only 
be ionized by high temperature the new 
wave mechanics said that high tempera- 
ture was not essential because they 
could also be ionized by crushing them 
under high pressure. Several writers 
tumbled to it, before I did, that that was 
what Fowler’s rather mysterious result 
really meant; but I think that it is still 
not at all generally known. You see this 
allows the star to cool down and still 
retain its enormous density—which the 
older classical physies did not. 

Not content with letting well alone, 
physicists began to improve on Fowler’s 
formula. They pointed out that in white 
dwarf conditions the electrons would 
have speeds approaching the velocity of 
light, and there would be certain rela- 
tivity effects which Fowler had ne- 
glected. Consequently Fowler’s formula, 
ealled the ordinary degeneracy formula, 
came to be superseded by a newer 
formula, called the relativistic degener- 
acy formula. All seemed well until 


“certain researches by Chandrasekhar 


brought out the fact that the relativistic 
formula put the stars back in precisely 
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the same difficulty from which Fowler 
had rescued them. The small stars 
could cool down all right, and end their 
days as dark stars in a reasonable way. 
But above a certain critical mass (two or 
three times that of the sun) the star 
could never cool down, but must go on 
radiating and contracting until heaven 
knows what becomes of it. That did not 
worry Chandrasekhar; he seems to like 
the stars to behave that way, and believes 
that that is what really happens. But 
I felt the same objections as twelve years 
earlier to this stellar buffoonery ; at least 
it was sufficiently strange to rouse my 
suspicion that there must be something 
wrong with the physical formula used. 

I examined the formula—the so-called 
relativistic degeneracy formula—the 
conclusion I came to was that it was the 
result of a combination of relativity 
theory with non-relativistic quantum 
theory. I do not regard the offspring of 
such a union as born in lawful wedlock. 
The relativistic degeneracy formula— 
the formula currently used—is in fact 
baseless; and, perhaps rather surpris- 
ingly, the formula derived by a correct 
application of relativity theory is the 
ordinary formula—Fowler’s original 
formula which every one had abandoned. 
I was not surprised to find that in an- 
nouncing these conclusions I had put 
my foot in a hornet’s nest; and I have 
had the physicists buzzing about my ears 
—but I don’t think I have been stung 
yet. Anyhow, for the purposes of this 
lecture, I will assume that I haven’t 
dropped a brick. 

I venture to refer to a personal aspect 
of this investigation, since it shows how 
closely different branches of science are 
interlocked. At the time when my sus- 
picion of the relativistic degeneracy 
formula was roused by Chandrasekhar’s 
results it was very inconvenient to me 
to spare time to follow it up because I 
was immersed in a long investigation in 
a different field of thought. This work, 


which had occupied me for six years, was 
nearing completion and there remained 
only one problem, namely, the accurate 
theoretical calculation of the cosmical 
constant, needed to round it off. But 
there I had completely stuck. I had, 
however, secured a period of four months 
free from distractions which I intended 
to devote to it—to make a supreme effort, 
so to speak. But having incautiously 
begun to think about the degeneracy 
formula I could not get away from it. 
It took up my time. The months slipped 
away, and I had done nothing with the 
problem of the cosmical constant. Then 
one day in trying to test my degeneracy 
results from all points of view, I found 
that in one limiting case it merged into 
a cosmical problem. It gave a new ap- 
proach to the very problem which I had 
had to put aside—and from this new 
approach the problem was soluble with- 
out much difficulty. I can see now that 
it would have been very difficult to get 
at it in any other way; and it is most un- 
likely that I should have made any prog- 
ress if I had spent the four months on 
the direct line of attack which I had 
planned. 

The paper which I read before the 
Harvard Tercentenary Conference of 
Arts and Sciences, giving a calculation 
of the speed of recession of the spiral 
nebulae and the number of particles in 
the universe, had an astronomical origin. 
It was not, however, suggested by con- 
sideration of the spiral nebulae. It arose 
out of the study of the companion of 
Sirius and other white dwarf stars. 

I mentioned that we only gradually 
came to realize that ionization could be 
produced by high pressure as well as by 
high temperature. I think the first man 
to state this explicitly was D. 8S. Kothari. 
Stimulated by some work of H. N. Rus- 
sell, Kothari has made what I think is 
an extremely interesting application. 
The relation of ionization to pressure is 
a curious one, for at low pressures we 
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decrease the ionization by increasing the 
pressure ; but the ionization must have a 
minimum, for at high pressures the 
Fermi-Dirac complication steps in and 
the ionization ultimately increases with 
pressure. No one seems to have bothered 
much about this revised ionization law; 
they have been content to recognize or I 
think rather to guess that in white 
dwarfs the ionization would be pretty 
high. Kothari, however, has treated it 
seriously and worked out the degree of 
ionization in various conditions, includ- 
ing comparatively small masses in which 
the pressure is relatively low and the 
ionization is not very high. 

I turn now to the subject of sub- 
atomic energy which we believe to be the 
source which maintains a star’s heat. 
This is a matter on which, until about 
three years ago, terrestrial experiment 
gave us no help at all. Conditions have 
now changed, and physical laboratories 
throughout the world have given them- 
selves up to an orgy of atom-splitting. 
It is of immense importance for the 
future of astronomy that a new labora- 
tory technique enables us to experiment 
directly on the processes of liberation of 
energy by transmutation of atomic 
nuclei, since these are almost certainly 
the processes which keep the stars alight. 
But at present it is too early to expect 
results this way. The theory of stellar 
constitution, which I have been describ- 
ing, was built up without any laboratory 
knowledge of a sub-atomic energy. This 
was possible because the problem of the 
source of maintenance of a star’s heat 
could be segregated almost completely 
from the rest of the problem. By Lane’s 
method we could determine the tempera- 
ture—how much heat there was in the 
star—without speculating as to how it 
eame to be there; and we could show 
that a star so endowed must radiate at the 


moment a calculable amount of light and_ 
heat—without inquiring how it man- 


aged to go on radiating it for thousands 


of millions of years. In short, the struc- 
tural problem could be segregated from 
the evolutionary problem. 

The only point at which the segrega- 
tion is not complete is this: The concen- 
tration of density towards the center of 
a star depends to some extent on how 
the source maintaining the heat is dis- 
tributed. It seems clear from present- 
day experiment, as well as from astro- 
nomical evidence, that the liberation of 
sub-atomic energy increases rapidly with 
temperature; so that we may expect it 
to occur mainly in the hottest central 
part of the star. This has the effect of 
diminishing the concentration of density 
to the center—making it less than in the 
standard model which has generally been 
employed. This effect is, however, lim- 
ited ; because if the star overdoes it con- 
vection currents are set up, which bring 
about compensation. To describe our 
present conclusion I must use technical 
terms: The density distribution near the 
outside has a polytropic index 3 which 
gradually diminishes to 1.5 at the center, 
where there is a convective core. I am 
speaking of ordinary stars such as the 
sun; but curiously enough this specifica- 
tion of the density distribution applies 
also to white dwarfs—for which it has 
long been the recognized model—though 
in the white dwarfs it comes about in 
quite a different way. 

Apart from this refinement, the re- 
searches which I have hitherto described 
are not affected by theories of sub-atomic 
energy. But they put us in a favorable 
position to learn something about the 
laws of sub-atomic energy. Many well- 
known lines of argument have convinced 
us that the sun and stars have a lifetime 
to be reckoned in thousands of millions 
of years—which means that evolutionary 
changes are extremely slow and that the 
heat radiated by a star into space is 
almost exactly balanced by the heat lib- 
erated from sub-atomic sources in the 
interior. So when we measure the radia- 
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tion of a star, we measure the generation 
of sub-atomic energy. You see then that 
the measurement of sub-atomic energy 
is just a common everyday astronomical 
measurement. 

To the engineer the release of sub- 
atomic energy on a practical scale is, and 
seems likely to remain, a Utopian dream. 
To the physicist it was, until three years 
ago, a field of uncontrolled theoretical 
speculation. To the astronomer it has 
long been an every-day phenomenon 
which it would be absurd to close his 
eyes to. 

Having then measured the rate of re- 
lease of sub-atomic energy in all types 
of stars, we can correlate it to the tem- 
peratures and densities which we have 
found in the interior. This more or less 
direct investigation of the conditions of 
release can be supplemented by a theo- 
retical examination of the conditions of 
stability of stars containing such a source 
—a line of attack initiated by Professor 
H. N. Russell. 

If the star contracts, the liberation of 
sub-atomic energy must be stimulated ; 
otherwise the star is unstable. We can 
not deduce astronomically whether the 
stimulus comes from the increased tem- 
perature or the increased density; but 
for simplicity we shall suppose it to be 
mainly the temperature. Then each star 
contracts until its internal temperature 
reaches the value at which the liberation 
of sub-atomic energy the heat radiated 
and there it sticks—not quite indefinitely 
but for a very long period until the 
sources of sub-atomic energy show signs 
of exhaustion. The stars on the main 
series appear to be those which have 
reached this balance and stuck. Now it 
is one of the results of our previous in- 
vestigations that the stars of the main 
series, from the most massive to the 
lightest, have practically the same inter- 
nal temperature. We used to give the 
central temperature as 40,000,000°, but 
the figure has come down—partly by the 
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recognition of the abundance of hydro- 
gen and partly by the substitution of a 
less condensed model, and the present 
estimate is about 15 million degrees. 
But whatever it is, it is nearly the same 
for all. It appears therefore that on the 
main series a small star which requires 
a small amount of energy per gram to 
maintain its radiation and a massive star 
requiring 1,000 times as much energy 
per gram both have to rise to 15 million 
degrees to liberate. Or to put it another 
way the liberation must increase 1,000 
fold in a rise of temperature scarcely 
large enough for us to notice in our 
rather rough calculations. 

Another result of the examination of 
the stability of a star is important. The 
rate of liberation of sub-atomic energy 
must increase with temperature but not 
too fast ; if it increases more steeply than 
a certain limit the star will be thrown 
into pulsation. Some stars do pulsate, 
namely, the Cepheid variables, but the 
majority do not. Perhaps we may infer 
that the actual law of increase is pretty 
near the limit, so that the conditions of 
most of the stars are on the one side and 
those of the Cepheids just beyond it. 
But there is a way by which the star can 
escape this pulsatory instability. We 
have been supposing that the response of 
the sub-atomic energy to the stimulus of 
temperature is immediate; if there is a 
lag—if the rising temperature stimulates 
the formation of active material which 
emits the energy later on in its own good 
time, or if it starts a chain of processes 
of which the actual energy liberation is 
the last, then there will be no pulsation. 
A lag of some days at least is required. 
Provided there is this lag, the stars will 
be stable, even though the energy—lib- 
eration increases very rapidly with the 
temperature—as our observational re- 
sults for the main series stars indicate 
and as is also indicated by the recent 
laboratory experiments. 

This is the main information about 
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sub-atomic energy that we have learned 
from astronomy. I suppose that, taken 
altogether, it seems a meager amount. 
But its importance is considerably en- 
hanced, when we recall that on almost 
every point it was completely at variance 
with the views then held by physicists. 
The only form of liberation of sub- 
atomic energy with which the physicist 
was then acquainted was that of the 
radio-active elements—a process inde- 
pendent of density and unaffected by 
temperature unless the temperature was 
far higher than 15 million degrees; and 
he was inclined to be intolerantly dis- 
posed towards considering any other 
process, no matter how strong the astro- 
nomical evidence might be. I can not 
but think that this is an instance of the 
harm done by the writers who give the 
impression that stellar investigation is a 
field of loose speculation. Physics and 
astrophysics are one subject, following 
the same rules of progress, recognizing 
the same standards of rigorous deduc- 
tion, and utilizing the same corpus of 
accepted knowledge; and liable to the 
same failures through our human limita- 
tions. 

Various attempts were made to find a 
loophole for admitting much higher tem- 
peratures in the stars so as to satisfy 
the physicist’s objection to admitting 
energy liberation controlled by low tem- 
perature ; for example, Jeans’s theory of 
elements of very high atomic weight, and 
Milne’s theory of the existence of a core 
of white dwarf density in ordinary stars 
like the sun. We can scarcely say that 
such suggestions are impossible without 
attributing to our existing knowledge of 
the laws of physics greater completeness 
than we care to claim. But I think it 
ean be said firstly that these theories 
were found on examination not to fulfil 
what was initially claimed for them—on 
the strength of which they were recom- 
mended. And secondly it is not unfair 
to deseribe them as agreeing with the 


physicist’on a matter as to which he knew 
nothing at the expense of disagreeing 
with him on matters as to which he 
claimed to know a great deal. 

All that has changed now that these 
sub-atomic processes have been studied 
in the laboratory. They are found to 
require comparatively low speeds of the 
particles, corresponding to compara- 
tively low temperatures, such as the stel- 
lar investigations had indicated. The 
first criticism I heard, after the experi- 
ments on disintegration of elements by 
protons had begun, was that 40 million 
degrees was too high a temperature for 
the sun; and it could not be much over 
15 million degrees without blowing up. 
Happily we had been beforehand; and 
the revised astronomical calculations 
already lowered the temperature to a 
point which makes the sun safe for pos- 
terity. 

New experimental discoveries have 
helped us to come to an important deci- 
sion as to the nature of the sub-atomic 
energy released in the stars. For fifteen 
years we have been hesitating between 
two alternative suggestions. The energy 
might be provided by electrons and pro- 
tons annihilating one another, thus set- 
ting free the whole energy of their con- 
stitution in the form of radiation. Or 
it might be provided by transmutation 
of the elements. Even in this applica- 
tion it remains true that we need dis- 
tinguish only two kinds of stellar matter, 
namely hydrogen and not-hydrogen; so 
the transmutation can be more precisely 
defined as the transmutation of hydrogen 
into not-hydrogen. The annihilation of 
a proton by an electron corresponds to 
the complete disappeaance of a hydrogen 
atom. The energy released by the trans- 
mutation of a hydrogen atom into other 
elements is only about 1/120 of the 
energy which would be released by its 
complete disappearance. Thus the an- 


~ nihilation hypothesis provides more than 


100 times as much energy as the trans- 





6 le Nema 9 nl 














CONSTITUTION OF THE STARS 


mutation hypothesis; and the possible 
lifetime of a star is correspondingly 
increased. 

Attempts to decide between the two 
alternatives by astronomical evidence 
were inconclusive. But recent progress 
in physies seems to point decidedly to 
the transmutation hypothesis; and the 
annihilation hypothesis seems to have 
been generally abandoned. Perhaps the 
most serious blow to it was the discovery 
of the positron by Anderson at Pasadena. 
The positron, not the proton, is the true 
opposite of an electron; and positrons 
and electrons do annihilate one another. 
Our lust for slaughter being thus satis- 
fied, it would be incongruous to bring 
in the proton as an alternative agent; 
and we look on the supposed annihilation 
of electrons by protons as a rather mis- 
directed anticipation of the real can- 
celling. 

Simultaneously the very long time- 
scale, which corresponds to the annihila- 
tion hypothesis, had lost its attractive- 
ness. The phenomenon of the expansion 
of the system of the galaxies which con- 
stitutes our universe, as well as studies 
of the stability of individual galaxies, 
make it difficult to assign an age to the 
stars greater than 5,000 million years. 
The radiation required for this period 
is amply provided for by the transmu- 
tation hypothesis, and the hundred fold 
greater energy provided by the annihila- 
tion hypothesis would only be an embar- 
rassment. 

Both hypotheses were originally theo- 
retical suggestions; but the transmuta- 
tion hypothesis can now claim a definite 
observational basis. Take the sun, which 
we have found to be 4 hydrogen and % 
not-hydrogen. At 15 million degrees the 
hydrogen is ionized and its nuclei—.e., 
the protons—are traveling at average 
speeds of 500 miles a second. We know 
that in the laboratory protons of this 
speed attack and enter the nuclei of 
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other elements—the not-hydrogen—and 
bring about transmutations in them. 
We may hope that in due time the phy- 
sicists will be able to trace for us the 
whole sequence of changes direct and 
indirect which result, so that we shall be 
able to find quantitatively the rate of 
disappearance of free hydrogen under 
these conditions, and so find the amount 
of sub-atomic energy of this kind liber- 
ated in the sun. If it is found to agree 
with the sun’s rate of radiation, we 
shall then have definite proof that no 
other source—such as annihilation—is 
operative. We are, of course, far from 
having the necessary knowledge at pres- 
ent. It is complicated by the fact that, 
although the protons enter atomic nuclei 
and change the nuclei into new elements, 
in many cases the new nucleus breaks 
down after a short time, a proton is 
shot out and no permanent transmuta- 
tion results. Such permanent transmu- 
tation as is observed comes at the end 
of a chain of processes of which the 
attack of the proton on the nucleus was 
the first. It is interesting to notice that 
this was already foretold by the astro- 
nomical investigations which, as I have 
said, demand a time-lag between a stimu- 
lation of the activity of the protons by 
rise of temperature and the correspond- 
ing increase of output of sub-atomic 
energy. 

I have given you my impression of the 
way in which this new knowledge works 
in with, and so far as we can see, agrees 
with the existing theory of stellar con- 
stitution ; not because I lay stress on the 
rough conclusions that can be drawn in 
the turmoil of new discovery—the data 
available at present are far too scrappy— 
but because I want to show how intensely 
important the work of atom-splitting now 
in progress is for astronomical develop- 
ments—so that we may look forward to 
great developments in the future. 











RECENT FINDINGS IN COSMIC-RAY 
RESEARCHES 


By Dr. ROBERT ANDREWS MILLIKAN 
PROFESSOR OF PHYSICS, CALIFORNIA INSTITUTE OF TECHNOLOGY 


Cosmic rays were christened’ in 1925 
when convincing evidence had been 
found that they could not have their 
origin either in the nearer or the re- 
moter portions of our atmosphere, nor 
yet in the sun or visible stars, but rather 
came from remoter regions and were 
distributed essentially uniformly over 
the celestial dome. At that time it was 
natural, if not inevitable, that one at- 
tempted to compute their energy from 
the enormous penetrating power which 
they were then found to have in snow- 
fed lakes. For this computation it was 
also natural, if not inevitable, that one 
use the known laws of absorption of 
x- and gamma-rays, which laws were 
based upon the principles of extra- 
nuclear electronic absorption. It was 
only when in 1930 Chao? first brought 
clearly to light that with energies above 
two million electron-volts the nucleus 
begins to play not an insignificant but 
a very important réle in absorption phe- 
nomena, that one realized the complete 
inadequacy of laws like that known as 
the Klein-Nishina law, for handling the 
absorption of high energy rays. One 
was clearly forced to make direct energy 
measurements by the cloud-chamber tech- 
nique before he could hope to obtain any 
real knowledge of cosmic-ray energies. 
This need was first met in 1931 when 
Anderson, Millikan and Neddermeyer by 
such directly observed® deflectibilities in 

1 Proc. Nat. Acad. Sci., 12: 48-55, 1926. 

2 Chao, Proc. Nat. Acad. Sci., 16: 431, 1930; 
Phys. Rev., 36: 1519, 1930. 

3 See ‘‘ Electrons (+ and —), Protons, Photons, 
Neutrons, and Cosmic Rays,’’ pp. 321-330, for 
history of these measurements. University 6f 
Chicago Press, 1935. 


a magnetic field pushed the definitely 
measured energies of cosmic rays up to 6 
billion electron-volts and found a few 
particles of energies which were esti- 
mated to be not less than 15 billion elec- 
tron-volts. These measurements showed 
that Millikan’s earlier assumption that 
the whole of the cosmic ray energies 
might be accounted for by packing frac- 
tions was definitely incorrect. Neverthe- 
less, experiments of this unambiguous 
kind have failed to clear up our still 
profound ignorance of the laws of 
nuclear absorption either for electrons 
or for photons. More experimental data 
are needed, a few bits of which have been 
recently supplied and are presented here- 
with. 

In the low energy region—from 2 mil- 
lion up to 15 million electron-volts—the 
theory developed first by Oppenheimer 
and elaborated by Bethe and Heitler—a 
theory which simply adds to Klein- 
Nishina’s extra-nuclear absorption a 
potent nuclear absorption due to the 
conversion of photons into electron-pairs 
by impact with a nucleus—this theory 
predicted quite well the experimental 
results found by Lauritsen and others on 
the absorption of photons varying in 
energy between the aforementioned lim- 
its in substances of different atomic num- 
ber. The theory requires that the ab- 
sorption in a given layer of matter be 
proportional to the energy of the inci- 
dent photons and also requires it to vary 
as the square of the atomic number. 
Here, then, there seemed to be a real sue- 
cess and a promise that we had an ap- 
proach to the laws of nuclear absorption 
for cosmic rays, for these same two laws 
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apply also, according to the analysis of 
the foregoing authors, to the absorption 
of high energy rays consisting either of 
photons or of electrons. The first new 
result that I wish to comment upon looks 
like a still further extension of the Op- 
penheimer-Bethe-Heitler law of nuclear 
absorption into that cosmic-ray field. 

Anderson and Neddermeyer last sum- 
mer took 10,000 cloud chamber photo- 
graphs on the summit of Pike’s Peak, 
using our powerful magnet, built in 1931 
expressly for measuring the energies of 
cosmic rays. They have made laborious 
statistical studies of these photographs, 
and of a larger number taken at Pasa- 
dena, for the sake of directly measuring 
the loss of energy of electrons of various 
energies in traversing a plate of lead or 
of copper a few mm thick placed in the 
middle of the cloud chamber. These 
losses seem to check fairly well with the 
Oppenheimer-Bethe-Heitler theory in be- 
ing roughly proportional to the energy 
of the incident electron up to 300 million 
electron-volts. They seem also to be pro- 
portional to the square of the atomic 
number. It was infeasible, however, to 
carry the measurements above the fore- 
going voltage. These experiments, again, 
seem to reveal the beginning of a real 
understanding of the nuclear absorption 
of cosmic rays. 

But there are some well-established 
facts that speak against this theory, or 
that show that at least it is very incom- 
plete. Here they are: 

(1) Neher and Millikan have taken up 
in bombing planes, at March Field near 
Pasadena to altitudes of more than 20,- 
000 feet, electroscopes shielded by as 
much as 15 em of lead, and in other 
eases 15 em of iron, and in still others 
15 em of aluminum. The absorption law 
followed by these shields approaches 
with increasing thickness a first power 
law of atomic number rather than a 
second power law. Similar experiments 
have been made at lower altitudes by 


Steinke and others in Germany with 
similar results. 

(2) A second difficulty is that the 
total penetrating power of an electron 
of several billion electron-volts of energy 
is given by the above theory as less than 
three centimeters of lead, but in fact 
there is the best of evidence, both from 
electroscope readings and from counter 
experiments, that ionizing cosmic ray 
particles pass in straight lines through 
twenty or fifty or in extreme cases even 
a hundred em of lead. 

To save the theory, and yet avoid these 
difficulties it has been commonly as- 
sumed by some that these long-range 
particle tracks are not electron tracks at 
all, but are rather the tracks of heavy 
particles. For heavy particles, such as 
alpha rays or proton rays, are not known 
to produce x-rays or gamma-rays in tar- 
gets into which they plunge, while both 
electrons and photons are well known to 
produce such secondary photons, elec- 
trons producing them (bremsstrahlung) 
with increasing copiousness and increas- 
ing efficiency as their energy increases. 
It is argued, therefore, that all the high 
penetration shown by cosmic rays may 
be attributed to heavy particles and that 
both such electronic and such photonic 
components of the cosmic rays as enter 
our atmosphere may indeed be absorbed 
in its very topmost layers, but that pene- 
trating heavy particles in their nuclear 
collisions may produce electrons and that 
these electrons may then in their turn 
produce photons which quickly are 
changed into electron-pairs; so that all 
electrons and photons, however formed, 
may indeed be exceedingly rapidly ab- 
sorbed as required by the electron-pair 
theory, while the heavy particles, though 
not themselves producing radiative col- 
lisions, may yet serve the purpose of 
carrying the cosmic-ray energy into the 
lower atmosphere and deep down into 
the great depths in water where it is 
actually found. 
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To discuss this theory it will be con- 
venient to divide heavy particles into 
two groups—(1) protons and (2) all 
heavier nuclei. The latter category may 
be eliminated at once, for all nuclei ex- 
cept hydrogen are multiply charged, and 
since the ionization along a track is pro- 
portional to the square of the charge 
carried by the ionizing particle, the dif- 
ference between a singly and a multiply 
charged particle-track could be at once 
observed in cloud-chamber experiments 
by the very great difference in the den- 
sity of the tracks. But Anderson and 
Neddermeyer have studied more than 
50,000 tracks and have observed an in- 
significant number that could possibly be 
produced by multiply charged particles 
coming in from outside, and the two or 
three that ‘‘might conceivably’’ have 
such an origin are adequately accounted 
for by their following recent discovery 
on Pike’s Peak and at Pasadena. 

This discovery is that there is a new 
kind of nuclear absorption that appears 
to bear no relation to the production of 
electron-pairs, an absorption in which 
the nucleus is definitely disintegrated 
with the ejection of a heavy ionizing 
particle, usually a proton, in addition to 
a number of either positive or negative 
electrons. These heavy tracks due to 
ejected protons reveal an energy which 
may rise to a hundred million volts, but 
unlike electron-shower tracks, which tend 
to move straight on in the direction of 
the incident ray, these proton tracks 
shoot backward about as often as for- 
ward, and in general are distributed at 
random about the center at which lies 
the disintegrating atom. Out of 10,000 
track photographs taken on Pike’s Peak 
about 100 such proton tracks, arising in 
most cases visibly and quite unambigu- 
ously from this kind of nuclear disinte- 
gration, are found; so that the two or 
three isolated heavy-track particles that 
‘‘might conceivably’’ have come in from 
outside are with much greater likelihood 


THE SCIENTIFIC MONTHLY 


attributable to such nuclear disintegra- 
tions. This discovery shows, then, that 
the pair theory can not describe com- 
pletely the observed facts of nuclear ab- 
sorption. There is as yet, then, no evi- 
dence at all for the penetration of heav- 
ily ionizing particles into our atmosphere 
so far as measurements up to the altitude 
of Pike’s Peak are concerned. 

But, also, measurements made by both 
Bowen, Millikan and Neher and by 
Regener up to very close to the top of the 
atmosphere fail to bring to light any evi- 
dence for an appreciable number of 
heavy ionizing particles. Bowen and 
Millikan pointed out as early as 1931* 
that when the pressure in an air electro- 
scope is raised from say one to thirty 
atmospheres the fact that the factor by 
which the ionization at one atmosphere 
must be multiplied to get the observed 
current at 30 atmospheres is the same, 
whether these currents are produced by 
gamma-rays or by cosmic rays, means 
that the particles that do the ionizing 
as they shoot along their tracks through 
the electroscope must on the average be 
the same in the two cases. But in the 
case of gamma-rays they are known to be 
only electrons (+ and —). Therefore, in 
the case of cosmic rays, within the limits 
of discrimination of this experiment, 
they must be substantially all electrons. 
This holds up to such very high altitudes 
as those at which we have tested the 
agreement of air-filled electroscopes and 
argon-filled electroscopes. Similarly, the 
identity of Regener’s depth-ionization 
curves, whether he uses an electroscope 
or a single ion counter as his detector, 
shows unmistakably, since the ion counter 
measures only ‘‘shots,’’ while the electro- 
scope measures ion-currents, that all the 
shots, whether they go through the elec- 
troscope or the counter, produce on the 
average the same number of ions per cm, 
otherwise the points on the electroscope 

4 Nature, 128: 583, 1931; also Phys. Rev., 39: 
397, 1932. 
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curve would be consistently higher than 


the points on the ion-counter curve. 


heavy particle would activate the ion 
counter just as would an electron, but 
it would make a bigger current in an 


electroscope. 


These three types of experimental re- 
sults then—(1) absence of heavy tracks, 
other than nuclear disintegration tracks 
in cloud-chambers, (2) identity of effects 
of gamma-rays and cosmic rays in pres- 
sure electroscopes filled with air, and (3) 
identity of electroscope altitude curves 
and single-counter altitude curves—con- 
stitute good evidence that heavily ion- 
izing particles do not come into the at- 


mosphere in appreciable numbers. 


These arguments do not, however, ap- 
ply to protons, since the ionizing track 
due to a proton and that due to an elec- 
tron should be indistinguishable for en- 
ergies higher than a billion electron- 
volts, so that whether protons come into 
the atmosphere or not must be deter- 
mined by other types of experiments. 
The recently finished ‘‘ Precision World 
Survey of Sea-Level Cosmic-Ray Inten- 
sities,’’ by Millikan and Neher,’ sup- 
plies, however, new and cogent evidence 
upon this point. This survey shows that 
from near the north magnetic pole (8° 
south of it) down to Pasadena (mag. 
lat. 41°) the sea-level intensity of cosmic 
rays does not vary by as much as 1 per 
cent. Its extraordinary constancy is best 
shown by the readings found on p. 19, 
Physical Review, 50, 1935, representing 
five days of continuous readings night 
and day with two electroscopes in going 
from Victoria, B. C., to the latitude of 
Pasadena. A few miles south of Pasa- 
dena, however, it begins to decrease with 
extraordinary suddenness. This single 
sudden setting in at magnetic latitude 41° 
of the “‘equatorial dip’’ provides excel- 


5 First published on December 13, 1935, in 
Carnegie Institution Reports No. 34; subse- 


quently in Phys. Rev., 50: 15, 1936. 
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lent evidence that incoming electrons (+ 
and —), not protons nor indeed any other 
heavy particles, produce practically all 
the ionization at sea level that is due to 
incoming particles at all. This evidence 
is found in the fact that there is but one 
magnetic latitude, not two or three, at 
which in going southward from the north 
magnetic pole this sudden setting in of 
the ‘‘equatorial effect’’ takes place. Its 
sharp setting in in latitude 41° enables 
the resistance of the atmosphere to in- 
coming electrons to be fixed through the 
Epstein-LeMaitre-Vallarta analysis at 
about 6 billion electron-volts with a 
possible uncertainty of say 20 per cent. 
All the electrons of this energy that 
come into the earth at angles between 
0° and say 45° to the vertical are just 
here, as one travels southward, being pre- 
vented from getting through the block- 
ing effect of the earth’s magnetic field. 
Hence the sudden diminution in sea-level 
intensity. Electrons of slightly lower 
energy must get through the magnetic 
field at a little higher latitude, but their 
effect is not felt at sea level because they 
have not enough energy to get through 
the resistance offered by the atmosphere. 
This is all that can cause the flatness of 
the curve above latitude 41°. 

Now, 6 billion volt protons are affected 
by the earth’s magnetic field practically 
in the same way as are 6 billion volt 
electrons. If, then, protons penetrated 
the atmosphere more easily than elec- 
trons, because they do not make the 
radiative collisions which electrons make 
and which are in fact responsible for 
about half of the 6 billion electron-volts,® 
there would be a ‘‘proton shelf’’ in the 
sea-level intensity in about magnetic 
latitude 54°. That there is no trace of 
such a shelf can only mean that there 


6 I. 8. Bowen, R. A. Millikan and H. V. Neher, 
Phys. Rev., 44: 246-252, 1933; also Interna- 
tional Conference on Nuclear Physics, London, 
1934. 
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are not enough protons coming in to 
affect the measured sea-level ionization. 
This means that so far as ionization 
measurements can determine, the whole 
ionization of the atmosphere that is 
due directly or indirectly to incoming 
charged particles is due to incoming 
electrons, not to incoming protons or 
other heavy nuclei. 

We must find, then, other ways to 
circumvent the difficulties mentioned 
earlier. One other way is through the 
breakdown of the Oppenheimer-Bethe- 
Heitler law at high energies. That there 
must be such a breakdown follows from 
the following observations made by 
Bowen, Millikan and Neher in 1932.’ 

Their altitude-ionization curves taken 
in Peru (Mag. Lat. 3° S), Panama 
(20° N), March Field (41° N) near 
Pasadena, Spokane (54° N), and The 
Pas (63° N) showed no differences at 
all up to 22,000 feet, between Spokane 
and The Pas, but a notable difference 
(12 per cent.) between Spokane and 
March Field. The blocking effect of the 
earth’s magnetic field begins in magnetic 
latitude 54° to eut out electrons of an 
energy of 2.4 billion electron-volts. The 
lack of any difference in cosmic-ray in- 
tensity between magnetic latitude 54° 
and magnetic latitude 63° and the nota- 
ble drop of 12 per cent. in intensity be- 
tween magnetic latitude 54° and mag- 
netic latitude 41°, obviously mean that 
electrons of energy 2.4 billion electron- 
volts show a definite range or penetra- 
ting power, just as do electrons of an 
energy of 6 billion electron-volts, and 
also that that range is less than half an 
atmosphere for 2.4 billion volt electrons, 
while it is a whole atmosphere for 6 bil- 
lion volt electrons. But this violates the 
Oppenheimer-Bethe-Heitler law, which 
requires the loss in energy of an electron 
going through any given thickness of 
matter to be proportional to the energy 


7 Phys. Rev., 46: 641-652, 1934. 


of the incident electron, and this means, 
in turn, that the coefficient of absorption, 
which is here practically inversely pro- 
portional to penetrating power or range, 
is the same for 2.4 billion volt electrons 
as for 6 billion volt electrons, while the 
experiment says unambiguously that the 
range of 2.4 billion volt electrons is less 
than half that of 6 billion volt electrons. 

A similar failure of the Oppenheimer- 
Bethe-Heitler law seems to be indicated 
by the very recent stratosphere flights of 
Neher, Millikan and Haynes, who, on 
July 6, 7 and 8, sent up recording elec- 
troscopes to the highest altitude ever 
reached in cosmic-ray work. The ac- 
curacy of their readings, too, is far 
greater than that ever attained in sound- 
ing balloon work. In all preceding tests 
of this kind the observer has been obliged 
to get all his readings from one single 
discharge of his electroscope, although 
the rate of discharge at the top of the 
flight was as much as 200 times that at 
the start at sea level. These new Neher 
electroscopes were here automatically 
charged up anew every four minutes 
during a flight-period of 34 hours from 
a light condenser which, after two years 
of development by Dr. Victor Neher 
and Dr. Sherwood Haynes, was so per- 
fected that it lost less than 4 per cent. 
of its charge per hour—a really notable 
feat. This success made the accuracy 
just as good as that which we have ever 
obtained with heavy Neher instruments 
sent up in airplanes and charged every 
four minutes from 300-volt batteries— 
an accuracy from 30 to 50 times that 
obtained from electroscopes which make 
but one discharge in 34 hours. The film 
shows that the photographic record of 
each discharge-rate is remarkably sharp 
and legible, also that the line which 
gives the barometric reading is very ac- 
eurately readable. It was calibrated in 
the laboratory’s vacuum chamber under 
essentially the conditions of the flight. 
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This line shows that at the highest alti- 
tude reached the pressure was but 12.9 
mm of mercury or 17.5 em of water, 
which is 98.3 per cent. of the way to the 
top of the atmosphere. The electroscope 
record is also a perfect one at this ex- 
treme altitude. This pressure, according 
to Humphrey’s*® tables, corresponds in 
summer to an altitude of more than 28 
km or 92,000 feet. The ionization-pres- 
sure curve plotted from these readings 
is particularly interesting because it is 
the first record which shows the ioniza- 
tion of the upper air, as measured by an 
electroscope, reaching a very definite 
maximum value, in this case at 60 cm 
of water, or 4.4 cm of mercury, and then 
returning rapidly to lower values as still 
higher altitudes are reached. In this 
ease the ionization at the highest altitude 
reached, where the barometer read 1.29 
em of Hg. is 22 per cent. lower than when 
the pressure was reading 4.40 em of Hg. 
Also, if this curve is compared with 
Regener’s, which reached nearly the 


8 Humphrey, ‘‘ Physics of the Atmosphere,’’ 
last edition, 1929. 


same altitude but was taken in magnetic 
latitude 50° instead of 38.5°, it will be 
seen that the lower energy electrons 
which can get through the earth’s mag- 
netic field at this higher latitude and 
which alone can make the difference be- 
tween Regener’s curve and ours, if they 
are both experimentally correct, do not 
penetrate nearly as far into the atmos- 
phere before beginning to show that they 
have come into equilibrium with their 
secondaries, thus giving evidence again 
of the breakdown of the Oppenheimer- 
Bethe-Heitler absorption law. All this 
high altitude flight work, whether taken 
at extreme or at intermediate altitudes, 
seems to be in agreement with the ‘‘ Pre- 
cision Sea-Level Survey’’ in showing the 
absence of appreciable numbers of in- 
coming protons and the breakdown at 
high energies of the nuclear absorption 
law based on the theory of pair-forma- 
tion. We hope for further light on 
nuclear absorption phenomena from 
measurements like those just described 
now being made by Dr. Neher in the 
equatorial belt, near Madras, India. 
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By Dr. RONALD AYLMER FISHER 
PROFESSOR OF EUGENICS, UNIVERSITY OF LONDON 


AT a tercentenary celebration we shall 
do well to look both to the past and to 
the future. In undertaking to address 
a mathematical audience, at the present 
time, on the subject of ‘‘ Uncertain Infer- 
ence’’ my chief care will naturally be to 
set forth, at least in outline, those very 
recent advances which have resolved 
effectively and conclusively the doubts, 
confusions and ambiguities which we 
can now see clouded the views and ar- 
rested the progress of those great prede- 
cessors to whom our subject owes its 
gradual development. But just as, be- 
hind the Harvard of to-day, the fully 
developed alma mater where future gen- 
erations of Americans will train their 
minds and form their characters, we per- 
ceive the struggling ministers’ training 
college of the seventeenth century, with- 
out which this other could not have been 
what it is; so we can only gain a just 
perspective of my present topic by recall- 
ing the steps, some hesitating, some even 
false, by which men have come gradually 
to understand how their reason may be 
applied to uncertainties, yet applied with 
logical rigor, and how, in particular, it 
may be applied to observational facts 
with all their limitations, their paucity 
in number and their imperfect precision, 
and yet draw from them precisely those 
inferences which the observations war- 
rant. 

The first great step was the develop- 
ment of the concept of mathematical 
probability. Much as this word has since 
been misapplied, to the writers of the 
seventeenth and eighteenth centuries its 
meaning was plain and unequivocal. For 
centuries, no doubt, expectations had been 
deemed capable of evaluation. Expecta- 
tions under wills and expectations from 
uncompleted trading ventures had been 


bought and sold. In games of chance 
such expectations seemed capable of 
rigorous calculation. The structure of 
the game and its condition when broken 
off made it possible to assign to each 
player a caleulable fraction of the 
amount at stake. This fraction, the 
ratio of the expectation to the prize 
which might be won, supplied the con- 
cept of probability. To Thomas Bayes, 
indeed, this was its definition. 

The idea of probability seems to have 
been an essentially new one in mathe- 
matical thought. So far as we know it 
was unknown to the Greek and to the 
Islamic mathematicians. It was sui 
generis rather like the notion of temper- 
ature in physics, and it was novel partic- 
ularly in this, that it brought uncertain 
consequences within the domain of exact 
or rigorous thought. If the apparatus 
used in gambling were true or unbiased 
and were fairly used, the probabilities 
of the game could be calculated with 
exactitude. From this point in time 
there was no excuse for mathematicians 
to confuse rigor with certainty. In the 
discussions on probability the uncer- 
tainty remained an integral part of the 
situation, but the concept of probability 
allowed the nature and extent of this 
uncertainty ico be specified with rigor. 

The possibilities of this situation were, 
of eourse, only slowly appreciated. Not 
till in our own days has it been realized 
that the fact that some uncertain infer- 
ences are rigorously expressible in terms 
of probability does not imply that the 
same concept is capable of providing an 
exact specification of the nature of un- 
certainty in all cases. We are now, 
indeed, familiar with logical situations 
of a different type which require to be 
specified in terms of mathematical likeli- 
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hood; and there is, as yet, no assurance 
that even probability and likelihood to- 
gether will suffice for the specification of 
every kind of logical uncertainty which 
may be profitably discussed. 

For centuries, however, it was assumed 
that if uncertain inferences were to be 
made they must be made in terms of 
mathematical probability. It was, I be- 
lieve, this assumption, more than any 
other factor which has led to efforts to 
define probability in more general, and 
usually in psychological, terms, and has 
introduced infinite confusion into the use 
of this once well-defined concept. 

Thomas Bayes’s paper’ of, 1763 was 
the first attempt known to us to ration- 
alize the process of inductive reason- 
ing. From time immemorial, of course, 
men had reasoned inductively; some- 
times, no doubt, well, and sometimes 
badly, but the uncertainty of all such 
inferences from the particular to the 
general had seemed to cast a logical 
doubt on the whole process. By the 
middle of the eighteenth century, how- 
ever, experimental science had taken its 
first strides, and all the learned world 
were conscious of the effort to enlarge 
knowledge by experiment or by carefully 
planned observation. To such an age the 
limitations of a purely deductive logic 
were intolerable. Yet it seemed that 
mathematicians would admit the cogency 
of deductive reasoning only. From an 
exact hypothesis, well defined in every 
detail, they were prepared to reason with 
precision as to its various particular con- 
sequences. But, faced with a finite, 
though representative, sample of obser- 
vations, they could make no rigorous 
statements about the population from 
which the sample had been drawn. 

Bayes perceived the fundamental im- 
portance of this problem and framed an 
axiom, which, if its truth were granted, 
would suffice to bring this large class of 

1 Thomas Bayes, ‘‘An Essay towards Solving 


a Problem in the Doctrine of Chances,’’ Phil. 
Trans. 53: 370, 1763. 





inductive inferences within the domain 
of the theory of probability; so that, 
after a sample had been observed, state- 
ments about the population could be 
made, uncertain inferences, indeed, but 
having the well-defined type of uncer- 
tainty characteristic of statements of 
probability. Bayes’s technique in this 
feat is ingenious. His predecessors had 
supplied adequate methods, given a well- 
defined population, for stating the proba- 
bility that any particular type of sample 
might result. His problem was, given a 
particular kind of sample, to state with 
what probability a particular type of 
population might have given rise to it. 
He imagines, in effect, that the possible 
types of population have themselves 
been drawn, as samples, from a super- 
population, and his axiom defines this 
super-population with exactitude. The 
problem thus becomes a purely deductive 
one to which familiar methods were 
applicable. 

There is one point for which Bayes is 
seldom given enough credit. He had 
doubts as to the necessary truth of his 
axiom. So serious were these doubts 
that lre withheld his entire treatise from 
publication until they should be resolved. 
it appears that they never were resolved ; 
for his paper was published by his 
friends after his death. 

That Bayes’s essay was designed to 
meet a real need is shown by the eager- 
ness and rapidity with which his work 
became the common property of Euro- 
pean mathematicians. Laplace,’ in par- 
ticular, incorporated it into the founda- 
tions of his ‘‘Théorie analytique des 
Probabilités,’’ cruelly twisting the defi- 
nition of probability itself in order to 
accommodate the doubtful axiom. It is 
certain that Laplace had no appreciation 
of Bayes’s scientific caution. He says of 
Bayes, ‘‘Et il y est parvenu d’une 


2Laplace, ‘‘Théorie analytique des Proba- 
bilités,’’ 3rd Edition, Introduction exlviii. 
1820. 
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maniére fine et trés ingénieuse, quoi 
qu’un peu embarrassée.’’ 

Substantial errors are so rare in the 
history of mathematics that mathema- 
ticians are remarkably unsuspicious of 
the work of their greater predecessors. 
The illustrious authority of Laplace thus 
explains in some sort why Bayes’s 
doctrine in its new dress was embodied 
without a query into the mathematical 
teaching of full two generations. To 
practical thinkers it seemed to meet a 
practical need. To mathematicians it 
appeared robed in the authority and in 
the analytic elegance of Laplace’s 
**Théorie.’’ To De Morgan in 1835 it 
was still unquestioned gospel and one of 
the great steps forward in the history 
of his subject. 

The first serious criticism was de- 
veloped by Boole* in his ‘‘Laws of 
Thought’’ in 1854. In that extraordi- 
nary work Boole anticipated many subse- 
quent attempts to develop a symbolical 
logic, with particular reference to prob- 
lems in probability. He recognizes the 
contradictions and inherent arbitrariness 
of Bayes’s axiom, as developed by 
Laplace, and quite properly treats it as 
an attempt to supply by hypothesis 
something which the data themselves 
lack. 

**These results only illustrate the fact, 
that when the defect of data is supplied 
by hypothesis, the solution will, in gen- 
eral, vary with the nature of the hypoth- 
eses assumed: so that the question still 
remains, only more definite in form, 
whether the principles of the theory of 
probabilities served to guide us in the 
election of such hypotheses. I have 
already expressed my conviction that 
they do not.’’ Bayes gives fur- 
ther reasons and adds: ‘‘Still, it is with 
diffidence that I express my dissent on 
these points from mathematicians gen- 
erally, and more especially from one 
who, of English writers, has most fully~ 


3 Boole, ‘‘ Laws of Thought,’’ p. 375, 1854. 


entered into the spirit and the methods 
of Laplace; and I venture to hope that 
a question, second to none other in the 
theory of probabilities in importance, 
will receive the careful attention which 
it deserves.’”’ 

Boole’s criticism worked its effect only 
slowly. In the latter half of the nine- 
teenth century the theory of inverse 
probability was rejected more decisively 
by Venn and by Chrystal, but so reten- 
tive is the tradition of mathematical 
teaching that I may myself say that I 
learned it at school as an integral part 
of the subject, and for many years saw 
no reason to question its validity. 
Mathematicians were averse from aban- 
doning a theory, which often led to 
plausible conclusions, and, above all, 
which they had nothing to replace. Its 
acceptance as orthodox effectively con- 
cealed from the majority the fact that, 
not a mere restatement in more accurate 
terms, but a fundamentally new ap- 
proach, was required. As late as 1908 
we find Edgeworth,* vague but definitely 
defensive : ‘‘I submit that very generally 
we are justified in assuming an equal 
distribution of a priori probabilities 
over that tract of the measurable with 
which we are here concerned.’’ 

Why should a mathematician defend a 
procedure for which he can say no more 
than that? And why should Karl Pear- 
son, a few years later, put forward what 
he, and he alone, regarded as a proof of 
the disputed axiom. Such stubborn un- 
willingness to abandon a false position, 
to admit ignorance and to start again 
can only be due to mathematicians hav- 
ing so seldom experience of situations 
requiring an orderly retreat. 

The need for an exact procedure of 
inductive inference was essentially a 
practical one, and the means for meeting 
it were being prepared by mathema- 
ticians having practical interests beyond 


4F. Y. Edgeworth, Journal of the Royal Sta- 
tistical Society, 71: 387, 1908. 
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those discussed by specialists in the 
academic theory of probability. Let us 
turn to Gauss and the foundations of the 
theory of estimation. As is well known, 
Gauss, at one time, developed his method 
of least squares by a formulation identi- 
eal with that now used in the method of 
maximum likelihood, but which he justi- 
fied as taking for the estimate the value 
of the unknown which had the highest 
probability. That would be, of course, 
the mode of its frequency distribution, if 
any such distribution could be assigned 
to it. Later, as he explained in a letter 
to Bessel, he let this argument fall into 
the background, through the conviction 
that maximizing the probability was less 
important than minimizing the injurious 
effects of the actual errors of estimation. 
To measure these injurious effects by the 
square of the error he regarded as 
arbitrary, though convenient. 

Modern research has reconciled the 
two aims discussed by Gauss. If for any 
frequency distribution of a variable z 


df = y(x)dx 


where the frequency density y depends 
on some unknown parameter 6, the 
quantity 


2 
f(a 
over all possible values of z, is invariant 
for transformations of z, and measures 
the amount of information which one 
observation xz contains respecting 6. If z 
is itself an estimate of 6 derived from a 
sample, the expression measures the 
intrinsic accuracy of an estimate having 
the sampling distribution given. For 
the particular and important case of the 
normal or Gaussian distribution the 
intrinsic accuracy is the invariance or 
the reciprocal of the mean square error. 
Error curves of forms other than the 
Gaussian can thus be compared in their 
precision. When this is done it appears 
that the estimate obtained by maximiz- 
ing the likelihood is in general the one 


for which the intrinsic accuracy is 
greatest. 


A knowledge of the likelihood fune- 
tion thus takes the place of knowledge 
of a probability distribution in that type 
of uncertain inference with which the 
theory of estimation is concerned. This 
logical situation is one of wide occur- 
rence in the discussion of scientific 
theories of all kinds. It presupposes a 
hypothesis containing one or more ar- 
bitrary parameters. The hypothesis is 
capable of specifying the probability or 
frequency of occurrence, of each of the 
observational facts which can be dis- 
tinguished. The probabilities of the ob- 
servable occurrences are then functions 
of the parameters, and functions of 
known mathematical form. Only the 
values of the parameters are unknown. 
The theory of estimation discusses the 
advantages of the different methods by 
which these values can be estimated from 
an observational record. Clearly there 
can be no operation properly termed 
estimation until the parameter to be 
estimated has been well defined, and this 
requires that the mathematical form of 
the distribution shall be given. Never- 
theless, we need not close our eyes to the 
possibility that an even wider type of 
inductive argument may some day be 
developed, which shall discuss methods 
of assigning from the data the functional 
form of the population. At present it is 
only important to make clear that no 
such theory has been established. 

The direct assessment of the amount 
of information supplied by a body of 
data, the sample of observations, and by 
a parallel and independent process of 
the amount of information extracted 
from the data, and contained in the 
estimate, brings to light the important 
fact that in some special, but specially 
important cases, these amounts are equal. 
The estimate exhausts the whole value of 
the data once the estimate has been cal- 
culated; the remaining facts which the 
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data provide are entirely irrelevant to 
the value of the unknown parameter. 
Their distributions are, in fact, inde- 
pendent of the value of this parameter, 
so that we have the enlightening situa- 
tion, of which the arithmetic mean of a 
normal sample, or of a sample from a 
Poisson series, are examples, in which, 
given the value of the first or sufficient 
estimate, the sampling distribution of 
any alternative estimate is independent 
of the quantity of which it is designed 
to indicate the value. All such alterna- 
tive estimates are therefore worthless. 
The existence of sufficient statistics, in 
the sense defined above, is not only of 
theoretical interest as a possibility, but 
of great practical importance, for the 
eases in which they exist cover many of 
the forms most used by statisticians in 
practice. 

Theoretically, however, the existence 
of sufficient statistics is exceptional, 
dependent as it is from a special func- 
tional relationship. "When no sufficient 
statistic exists then no single estimate 
ean contain the whole of the information 
supplied by the sample. There appears 
to be an inevitable loss, and in these 
eases the method of maximum likelihood 
is only preeminent in making this loss as 
small as is possible. The next task of 
the theory is to trace the cause of this 
loss and to discover in what way it may 
be made good. 

Before turning to this fascinating 
inquiry, we must recall another develop- 
ment of modern mathematical statistics, 
in which again the practical require- 
ments of research have moulded the 
mathematical structure. I refer to the 
establishment of exact tests of signifi- 
eance. These are now somewhat numer- 
ous and of many kinds, designed to 
cover the various cases which commonly 
arise in practice. They are all of quite 
recent origin, and I may take as typical 
the test of significance of the mean of a 
normal sample. This was published in 
1908, which year, you may notice, is the 


same from which I have quoted Edge- 
worth’s defence of inverse probability. 
Its author was a young man, then 
unknown, who chose to publish under 
the now celebrated pseudonym of 
**Student.’’ 

The classical procedure, dating at least 
from the time of Gauss, for testing the 
significance of the difference between the 
observed mean of a normal sample and 
zero, or any other value chosen for com- 
parison, is to divide the difference by its 
standards error, as estimated from the 
sample. If Z is the observed mean of n 
observations, and , the true mean of 
the population from which the sample 
was drawn, then it has long been known 
that z is distributed in different samples 
in a normal distribution, with its center 
at yp and having a variance one 17th of 
that of the population sampled. If, 
therefore, we know the true standard 
deviation o of this population, we should 
know that 

(x-p) Vn 
o 


was distributed normally with unit vari- 
ance, and so could assign with exactitude 
the probability with which any chosen 
value would be exceeded. In fact, the 
true value is not known, but we have in 
its place an entirely satisfactory esti- 
mate, x s defined by 


= arf «5s 

where S stands for summation over the 
sample. This estimate is, in fact, a 
sufficient one, but it is none the less a 
fact that the value of s arrived at will 
usually differ more or less from the true 
value o. Consequently, if we substitute 
s for o, and calculate 





t= =H) Vn 
8 
we are not justified in asserting that t 
will be distributed in the normal distri- 
bution. The originality of ‘‘Student’s’’ 
approach lay in inquiring how in fact 
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the ratio ¢ is distributed, when cal- 
culated from samples of n observations. 
The exact solution is in fact given by 
the frequency element. 





n-1) 
af - : * dt nen 
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a distribution very different in mathe- 
matical character from the Gaussian, 
though progressively approaching this 
form as n is indefinitely increased. The 
distribution is, however, exact and 
eapable of tabulation for each size of 
sample possible. It has, in fact, at vari- 
ous times been rather thoroughly tabu- 
lated. Consequently, in place of assert- 
ing that there is a probability of one 
chance in forty that 


(x- pn) Vn >1 
o 
an assertion which would only be 
directly useful if it were known with 
exactitude, it is equally open to us, if, 
for example, our mean were based on 
fifteen observations, to assert that 


t= (x-y) Va u) vn 
8 
has a probability of one in forty of 
exceeding the value 2.145. This state- 
ment is directly useful, for s is not un- 
known, but is calculable with exactitude 
from the observations. 

Armed with this new tool, it was 
natural for practical experimenters to 
take a further logical step of great theo- 
retical importance, namely, to use the 
ratio, ¢.g., 2.145, appropriate to the level 
of significance chosen, to multiply this 
by the standard error of the mean as 
estimated, to add or subtract the product 
to or from the observed mean, and so to 
obtain working limits for the values of 
the unknown mean of the population. 

In fact, since the distribution of ¢ is 
known with exactitude, and since ¢ is 
given by the formula 


(¥-») Vn 
8 

which involves, apart from y, directly 
calculable quantities only, namely z and 
s, both of which are sufficient statistics, 
we may infer, without any use of proba- 
bilities a priori, a frequency distribution 
for y which shall correspond with the 
aggregate of all such statements as that 
made above, to the effect that the proba- 
bility that p is less than Z-—2.145s8/\/n 
is exactly one in forty. 

It is, at first sight, easy to confuse 
probability statements respecting un- 
known parameters derived by arguments 
similar to the above with statements of 
inverse probability. Indeed, attempts 
have been made to use these arguments 
by identifying the results to which they 
lead with statements of inverse proba- 
bility, as a means of ascertaining which 
particular hypothesis of probabilities a 
priort should be adopted in order to lead 
to equivalent conclusions. In fact, the 
statements with which we are concerned 
differ materially in logical content from 
inverse probability statements, and it is 
to distinguish them from these that we 
speak of the distribution derived as a 
fiducial frequency distribution, and of 
the working limits, at any required level 
of significance, that may be derived from 
it as the fiducial limits at this level. This 
distinctive terminology is not intended 
to suggest that fiducial probability is not 
in the strictest sense a mathematical 
probability, like any other to which the 
term ought to be applied, but that it has 
been derived by a form of argument 
very different from that introduced by 
Bayes, and one which was unknown to 
all the early writers on the theory of 
probability. 

It is a matter of some historical inter- 
est to examine why a mode of reasoning 
so essentially simple and so cogent as 
that outlined above should have escaped 
the penetration of the early writers, who 
include some of the most illustrious of 
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mathematicians. There are two circum- 
stances which may help to make clear 
this difficulty. The distributions studied 
by the early writers were nearly all dis- 
continuous distributions, distributions in 
particular, of which the variates are fre- 
quencies. When applied to these the 
fiducial type of argument does not lead 
us to an exact frequency distribution of 
the unknown parameters, but only to a 
series of inequalities which add little in 
intelligibility to the tests of significance 
from which they may be derived. The 
neglect of the frequency distributions of 
continuous variates, until they were 
forced on the notice of mathematicians 
by the requirements of the quantitative 
sciences, is, I believe, one potent reason 
why early writers on probability were 
not led to use arguments of the fiducial 
type. For such arguments to be fruit- 
ful, moreover, the distributions con- 
sidered must be not only continuous, but 
mathematically exact. Exact solutions 
of all the more important and immediate 
problems were possible by analytic 
methods certainly within the capacity of 
the greater writers of the last 150 years. 
That their existence remained for so long 
unknown can only, I believe, be ex- 
plained by the absence of any steady 
conviction that inferences involving an 
element of uncertainty deserve anything 
better than rough and approximate dis- 
cussion. 

Two subsidiary circumstances, also, 
have in our own time greatly facilitated 
the new approach. One is the con- 
venient practice of tabulating the dis- 
tributions required at a series of definite 
levels of significance, 7.e., of expressing 
the variate in terms of the probability, 
in place of regarding the probability as 
a function of the variate. The second 
circumstance is the abandonment of the 
inverse type of argument, since so long 
as statements of inverse probability were 
held to be the aim, the possibility of 
making inferences of fiducial proba- 
bility, which differs from the former in 


logical content, was very naturally over- 
looked. 

There is one peculiarity of uncertain 
inference which often presents a diffi- 
culty to mathematicians trained only in 
the technique of rigorous deductive argu- 
ment, namely, that our conclusions are 
arbitrary, and therefore invalid, unless 
all the data, exhaustively, are taken into 
account. In rigorous deductive reason- 
ing we may make any selection from the 
data, and any certain conclusions which 
may be deduced from this selection will 
be valid, whatever additional data we 
may have at our disposal. The more 
philosophic writers on probability, how- 
ever, such as Venn, have emphasized the 
fact that conclusions in this field are 
relative, not only to what is known, but 
also to what is undetermined. Venn, for 
example, contrasts the conclusions to be 
drawn from such items of information 
as that the death-rate of Englishmen is 
higher in Madeira than in England, and 
that the death-rate of tuberculous pa- 
tients is higher in England than in 
Madeira. The probable effect of a 
change of residence is difficult for the 
contrasted cases of a man chosen at ran- 
dom from the English population, as 
against one chosen at random from the 
tuberculous patients of that country. 
The additional datum that the individual 
chosen is tuberculous must not be 
ignored in drawing inferences from the 
remaining data. 

This peculiarity appears to be char- 
acteristic of uncertain inference in gen- 
eral. It is certainly as important in 
inductive reasoning from observational 
data as in the purely deductive infer- 
ences of the classical theory of proba- 
bility. Every statistician is conscious 
that if he were to allow himself to make 
an arbitrary selection among the obser- 
vational material available, then the 
most orthodox operations of his craft 
could be made to lead to almost any 
desired conclusion. The political prin- 
ciple that ‘‘ Anything can be proved by 
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statistics’’ thus enshrines a subtle truth, 
which requires to be the more carefully 
borne in mind, the more we rely on 
mathematical techniques developed with 
only certain inferences in view. 

This consideration is vital to the 
fiducial type of argument, which pur- 
ports to infer exact statements of the 
probabilities that unknown hypothetical 
quantities, or that future observations, 
shall lie within assigned limits, on the 
basis of a body of observational experi- 
ence. No such process could be justified 
unless the relevant information latent in 
this experience is exhaustively mobilized 
and incorporated in our inference. 

We may now appreciate the necessity 
of the condition I mentioned, in connec- 
tion with ‘‘Student’s’’ test of signifi- 
eance for the mean of a normal sample; 
namely, that the quantities z and s, 
which, together with the unknown para- 
meter appear in the expression for f, 
should be sufficient estimates of the 
mean and standard deviation of the 
population sampled. For this is a guar- 
antee that they have together tapped 
all the information the sample has to 
give respecting the nature of the popula- 
tion. If alternative estimates had been 
used ; if, for example, we had found the 
median in place of the arithmetic mean, 
or, if we had used Peter’s formula, based 
on the mean deviation, in place of 
Bessel’s formula, based on the mean 
square, we might have derived an en- 
tirely valid test of significance; that is 
to say, we could have found a quantity, 
t’, with a distribution exactly known for 
samples of a given size, and expressible, 
like t, in terms of the unknown param- 
eter, together with directly calculable 
quantities only. But, if we had gone 
further, and, substituting for t’, in terms 
of y, had derived a fiducial distribution 
of the unknown parameter, the distribu- 
tion we should obtain would be based 
only on that part of the information 
available which our special estimates of 





the mean and standard deviation had 
conserved. The distribution obtained 
would differ from that found by using 
the sufficient estimates, and the proba- 
bility statements which it embodies 
would be discrepant. Without the re- 
quirement that the information available 
should be exhausted, a host of discrepant 
inferences would appear equally admis- 
sible, each dependent from the particular 
choice of the statistician, through his 
choice of the method of estimation to be 
employed. 

When sufficient estimation is possible, 
there is here no problem; but the ex- 
haustive treatment of the cases in which 
no sufficient estimate exists is now seen 
to be an urgent requirement. This is at 
present in the interesting stage of being 
possible sometimes, though, so far as we 
know, not always. I have spoken of the 
sufficient estimates as containing in 
themselves the whole of the information 
provided by the data. This is not 
strictly accurate. There is always one 
piece of ancillary information which we 
require, in addition to even a sufficient 
estimate, before this can be utilized. 
That piece of information is the size of 
the sample, or, in general, the extent of 
the observational record; and we always 
need to know this in order to know how 
reliable our estimate is. Instead of tak- 
ing the size of the sample for granted, 
and saying that the peculiarity of the 
cases where sufficient estimation is pos- 
sible lies in the fact that the estimate 
then contains all the further information 
required, we might equally well have 
inverted our statement; and, taking the 
estimate of maximum likelihood for 
granted, have said that the peculiarity 
of these cases was that, in addition, 
nothing more than the size of the sample 
was needed for its complete interpreta- 
tion. This reversed aspect of the prob- 
lem is the more fruitful of the two, once 
we have satisfied ourselves that, when 
information is lost, this loss is minimized 
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by using the estimate of maximum likeli- 
hood. The cases in which sufficient esti- 
mation is impossible are those in which, 
in utilizing this estimate, other ancillary 
information is required from the sample, 
beyond the mere number of observations 
which compose it. The function which 
this ancillary information is required to 
perform is to distinguish, among samples 
of the same size, those from which more 
or less accurate estimates can be made, 
or, in general, estimates having different 
frequency distributions. 

The most general procedure of this 
kind possible would be, from a sample 
of n observations, to specify (a) the 
estimate, or set of estimates of the un- 
known parameters, having the greatest 
possible likelihood; and (b) a set of 
functionally independent ancillary sta- 
tistics, sufficient in conjunction with (a) 
to allow the observations to be recon- 
structed in their entirety, and having 
the additional property that these ancil- 
lary quantities shall be all distributed in 
samples in distributions independent of 
the unknown parameters. It is easy to 
see that this can be done in certain 
simple cases. For example if yp is the 
only unknown parameter in a frequency 
distribution specified by the differential 
element df= o(x-—)dx, then the differ- 
ence between successive observations, 
when arranged in order of magnitude, 
supply n-l functionally independent 
quantities, calculable from the sample, 
the sampling distribution of each of 
which is evidently independent of ». We 





may, therefore, regard such a set of 
differences as specifying the configura- 
tion of the sample, and, in interpreting 
our estimate, may take as its sampling 
distribution that appropriate to only 
those samples which have the actual con- 
figuration observed. 

Here, then, is a second group of solu- 
tions, by which estimation may be made 
exhaustive, like the sufficient statistics 
in depending from a special functional 
relationship, like them, also, in resolving 
a wide class of the problems arising in 
practice. And my final word on this 
topic is a query, the answer to which so 
far is unknown, and which is, therefore, 
at presert a challenge to our mathe- 
matical intuition. May I put the prob- 
lem in this form: 


The agricultural land of a pre-dynastic Egyp- 
tian village is of unequal fertility. Given the 


‘height to which the Nile will rise, the fertility 


of every portion of it is known with exactitude, 
but the height of the flood affects different parts 
of the territory unequally. It is required to 
divide the area, between the several households 
of the village, so that the yields of the lots 
assigned to each shall be in predetermined pro- 
portions; whatever may be the height to which 
the river rises. 


If this problem is capable of a general 
solution, then it is possible in general to 
recognize something corresponding with 
the configuration of the sample in the 
simple case discussed above, and one of 
the primary problems of uncertain in- 
ference will have reached its complete 
solution. If not, there must remain some 
further puzzles to unravel. 
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Aut who are familiar with the proved 
facts of endocrinology will, I think, un- 
hesitatingly agree that the hormones, 
those chemical messengers produced by 
that specialized group of tissues known 
as the ductless glands or glands of inter- 
nal secretion, play an essential réle in 
the maintenance of normal bodily func- 
tions, both physical and mental, in the 
human individual. Hoskins’ has said: 
‘‘The evidence is now conclusive that 
what we are—physically, mentally, sex- 
ually and emotionally—depends in no 
small measure upon the functions of the 
endocrine glands. They cooperate in an 
important way in the regulation of our 
activities in health and modify the 
course when they do not primarily deter- 
mine our diseases.’’ I think that the 
significance of the internal secretions in 
relation to human behavior can be 
realized best if they are considered from 
the standpoint of their biological value. 
Any living animal organism, whether it 
be man, at the top of the evolutionary 
seale, or the jelly-fish, near the bottom, 
or any other of the various living things 
which are intermediary between these 
two, must be considered from the bio- 
chemical view-point as a machine. From 
time immemorial, from the dawn of life 
on the globe, environmental factors, to- 
gether with the inherent properties of 
protoplasm, have contributed to a con- 
stant change in the types of living things. 
All these have been more or less efficient 
machines, and of those types which have 
survived it may be said that they were 
adapted to their environment. There 
are two basic types of mechanism which 
are possessed by members of the animal 


1R. G. Hoskins, ‘‘The Tides of Life.’’ W. 
W. Norton and Company, New York, 1933. 
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kingdom, each of which plays a specific 
part in the regulation of the various 
functions and activities of the organism 
as a whole. These are the nervous sys- 
tem and the chain of endocrine glands. 
Professor Adrian has dealt already with 
the former. In the lower forms of 
animals, the great group invertebrata, 
the nervous system is probably preemi- 
nent; in fact, very little is known of the 
hormones or their functions in the 
invertebrates. The situation, however, 
in the vertebrate kingdom is quite differ- 
ent. Here, from fish to mammal without 
exception, we find the ductless glands 
represented in all forms and integrating 
with the nervous system in the control 
of the animal machine of which they 
form a part. 

While there are vast differences be- 
tween animals of different phyla and 
smaller but important differences be- 
tween different species, there is as yet no 
reason to doubt, in so far as the hor- 
mones are concerned, that the active 
principle elaborated by a ductless gland 
in the fish does not differ materially 
from that elaborated by the same gland 
in man or other mammals. An excellent 
example of this is to be found in the 
ease of insulin. An extract prepared 
from the principal islets of teleostian 
fishes or from the pancreas of the 
elasmobranch manifests the same phys- 
iological properties when tested upon a 
normal rabbit or a diabetic patient as 
does the insulin prepared from the pan- 
creatic glands of cattle, pigs or sheep. 
There may be quantitative differences 
relative to the effects of individual hor- 
mones of different animal origin, but 
qualitatively they give the same phys- 
iological effects in adequate test objects. 











412 


But though the hormone may be the 
same from fish to man, its function in 
fish and man may conceivably be differ- 
ent. As Thomson? has pointed out in 
a discussion on the evolution of hor- 
mones, there are, on the one hand, cells 
which elaborate the specific chemical 
substance and, on the other, cells which 
respond to the presence of this substance 
once it is brought to them. There are 
examples of the apparently useless pres- 
ence in relatively primitive organisms 
of chemical substances which in higher 
groups have acquired a physiological 
function as hormones. It may be, of 
course, that the significance of such sub- 
stances as oestrin in insects, of adrenalin 
in annelids, of the oxytoxic posterior 
pituitary principle in fishes, is yet to be 
discovered, and that it may ultimately 
be established that all these have a true 
hormone function in every form in 
which they are found. The point raised 
by Thomson of the lack of a complete 
parallelism in the phylogenetic develop- 
ment of hormones and in their functional 
manifestations is worthy of much fur- 
ther study. 

A good example of the fact that the 
same hormone may act upon different 
types of tissue in different species is 
illustrated in the case of prolactin of 
Riddle. This anterior pituitary lobe 
principle stimulates the fully developed 
mammary gland of the guinea pig to 
milk secretion, and in the pigeon it 
causes the growth of a structure known 
as the crop gland, the development of 
which is essential for the production of 
erop milk. The underlying physiological 
effect is in each case the same, but the 
structures acted upon very different. 
These two analogous organs must have 
developed separately their responsive- 
ness to this anterior pituitary principle. 

When an endocrine linkage is evolved, 
it probably represents a delegation of 
authority formerly resident elsewhere. 


2D. L. Thomson, Nature, 80: 543, 1932. 
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As an example of this, sexual dimorph- 
ism of plumage in the sparrow is appar- 
ently controlled by the chromosomes of 
the individual epidermal cells, whereas 
in the fowl this control has been turned 
over to the presence or absence of the 
ovarian hormone. Again testicular hor- 
mone is essential for the growth of 
antlers in the red deer but not in closely 
related reindeer. These examples may 
serve to show that the delegated author- 
ity may easily be reassumed with but a 
small change in the genetic constitution. 
Failure to realize this has led to some 
of the wildest and least plausible specu- 
lations ever associated with any branch 
of science. It seems, for example, noth- 
ing short of fantastic to argue that be- 
cause in white races destructive disease 
of the adrenal glands may tend to pig- 
mentation of the skin, therefore the black 
races display under-development of this 
gland—forgetting that this should also 
condemn them to extreme muscle debil- 
ity, infertility, ete., ete. It seems, too, 
that similar pitfalls must await all those 
who argue that because many of the 
sufferers from some particular endocrine 
disorder have a characteristic gait or 
complexion or expression, all those who 
at first glance resemble them are neces- 
sarily sufferers from the same funda- 
mental disorder. 

Apart from exceptions of the type in- 
dicated above, it is the general rule that 
the function subserved by any particular 
hormone is much the same in all the 
higher animals. I desire to emphasize 
this now especially because in any dis- 
eussion as to the relationship of hormones 
to human behavior it is very easy to 
overlook basic principles, and in so doing 
to be led astray. Many such discussions 
in which due regard has not been had 
for fundamental ideas have unfortu- 
nately found their way into print. I 
fear that such writings are more apt to 
hinder than to accelerate progress in the 
application of the known facts of endo- 
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erinology towards the solution of prob- 
lems on factors relating to human 
behavior. 

I should like now to direct my discus- 
sion from the animal kingdom in general 
to man in particular. It may be said of 
the individual man that his own peculiar 
character and physical make-up are the 
outcome of the phylogeny of his species 
and are the resultant of the special forces 
to which his progenitors have been sub- 
jected in the course of countless genera- 
tions. While man as a living machine 
differs in no essential manner from the 
higher animals, he has a brain the frontal 
lobes of which have been developed to an 
extent not seen in other forms, even in 
the anthropoid apes. The evolution of 
modern man as a social being differing 
in so many respects from other species 
has of course been attributed to the spe- 
cialized development which has taken 
place in this particular part of the brain. 
He is endowed not only with conscious- 
ness but with self-consciousness. En- 
tirely apart from the basic importance of 
this latter to psychology, it is of great 
significance from the biological aspect. 
Man by virtue of his self-consciousness 
ean think and in thinking can will, and 
in so doing he can modify in a most pro- 
found manner various bodily functions 
which are amenable to modification by 
nervous stimuli. In other words, the 
great development of the cerebral cortex 
in man has allowed of the opening up of 
new channels of nerve communications. 
The outgoing pathways from the central 
nervous system to the ductless glands are 
probably developed to much the same 
degree in the lower forms as they are 
in man; but in the latter, due to the 
further development of the brain, im- 
pulses can arise in higher centers which 
can motivate peripheral structures by 
way of the older pathways. As far as 
we know, practically all the tissues and 
organs of the body are in direct connec- 
tion with the central nervous system. 
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The various ductless glands are no ex- 
ception to this rule, and while much yet 
remains to be done in connection with 
the nervous control of these structures, 
it is safe to assume that all the endocrine 
organs are directly or indirectly under 
nervous control. The extent to which, 
on the other hand, the nervous system 
itself is dependent upon or affected by 
individual endocrine gland secretions 
must be for the most part a matter of 
conjecture at this time. In connection 
with these two great systems, the nervous 
and the endocrine, we must recognize an 
integrative action not only in regard to 
their effects upon other structures but in 
their effects upon one another. So while 
it is true that man as a biological machine 
is similar to the animal, he has these two 
systems—the nervous and the endocrine 
—which may function on a higher level. 

The behavior of the individual man is 
in part the expression of his conscious, 
self-conscious and unconscious life. It 
becomes obvious, therefore, that the en- 
docrine glands, which, with the nervous 
system, have so much to do in the regu- 
lation of the various bodily functions, 
must in an indirect way influence pro- 
foundly his behavior. 

Let us consider the hypothetical case 
of the normal man with normal behavior. 
The endocrine system of such an indi- 
vidual may be considered simply as a 
part (a very essential and important 
part) of this human machine. It fune- 
tions continuously, now faster, now 
slower, in its various parts—all the while 
responding to stimuli both nervous and 
chemical, and liberating from its various 
components now more, now less of the 
individual internal secretions which play 
their réle in the regulation of the various 
bodily functions. It may be said, be- 
eause each of the various hormones con- 
tributes a definite part to the mainte- 
nance of the normal state of the body of 
this hypothetical individual, that each 
therefore has a definite effect upon his 
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behavior. In dealing with a normal body 
and normal behavior, the relationship of 
hormones to the behavior pattern is not 
at once apparent, and the point of view 
just expressed might be thought by some 
to be unjustifiable. The evidence that 
certain types of abnormal behavior pat- 
terns are due to disturbances in the 
endocrine system is very convincing; 
also there are many examples of the 
behavior pattern being modified by too 
much or too little of some hormone. It 
would therefore seem logical to conclude 
that the normal behavior manifested by 
our hypothetical normal man is as much 
dependent upon hormones as certain 
alterations in the behavior pattern are 
dependent upon alterations in the hor- 
mone balance. 

There is a variety of well-established 
experimental as well as clinical results 
which demonstrate quite conclusively 
that the behavior of individuals may be 
altered owing to the presence of too little 
or too much of some hormone agent in 
the circulation. Such effects of hor- 
mones are usually indirect rather than 
direct. Some illustrations of this fol- 
low. 


THYROID 


Thyroid disease is fairly common, and 
patients suffering from this type of dis- 
ability may show evidences of over- 
stimulation by the thyroid hormone or 
they may manifest the signs of thyroid 
hormone deficiency. All sorts and varie- 
ties of intermediate stages are of course 
met with clinically. The behavior pat- 
terns of the two types are diametrically 
opposed and each deviates far from nor- 
mal. Barker has described these two 
types of thyroid disease as follows. The 
hyperthyroid type, as seen in the case of 
exophthalmiec goiter, is hypersensitive to 
mental stimuli, is irritable and restless. 
Patients suffering from this malady 
often exhibit characteristic anomalies ; 
sometimes they suffer from pathological 


fears, obsessions or ideas of injury ; occa- 
sionally they show marked excitement 
not unlike that seen in hypomanic states. 
In myxoedema, on the other hand, in 
which there is under-function of the 
thyroid gland, the patients present a 
strikingly different mental state and be- 
havior. The facial expression is apa- 
thetic and quiet; the patients seem 
drowsy and dull; their thoughts come 
slowly and their emotional reactions are 
sluggish. Barker* emphasizes, however, 
that though there are profound changes 
in thinking, feeling and striving in thy- 
roid disease, it is relatively rare that out- 
spoken psychoses occur either with frank 
over-function or under-function of the 
thyroid. When they do appear, he 
states, these psychoses appear to have 
their origin in an associated psycho- 
pathic inheritance rather than in endo- 
crine anomalies alone. 


PARATHYROID 


One of the chief functions of the para- 
thyroid glands is to regulate the level of 
calcium in the blood stream. The main- 
tenance of normal tone in muscle and 
nerve is among other things dependent 
upon ionic concentration of calcium and 
other inorganic elements. A lowering 
of the calcium ion concentration disturbs 
this balance, and a hyper-excitable state 
of the nervous system is the main effect 
of such a change. There is a hyper- 
excitability of the entire nervous system 
in hypoparathyroidism, of which the re- 
sulting manifestation may be tetany. 
The opposite condition, a profound loss 
of muscle tonus, is occasionally met with 
in chronic cases. I recall one case in 
particular (which I saw some years ago) 
in which this condition of atonia was the 
predominant symptom. This patient 
was for a time considered to be a mental 
ease. He could be roused from a stupor- 
ous state only with difficulty and his 
speech was incoherent. When it was 

8L. F. Barker, Florida Med. Assoc., 1927, 1. 
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found that his blood serum calcium was 
only half the normal value, appropriate 
treatment was instituted and his rapid 
return to normal both mentally and 
physically was truly remarkable. 


GONADS 


Some of the most outstanding ex- 
amples of the effects of hormones on 
behavior are to be found in the field of 
sex physiology. Moreover, the remark- 
able researches that have been made of 
late by chemists working in this field 
have made available synthetic products 
which have the same physiological prop- 
erties as the male and female hormones 
ordinarily found. 

The general characteristics of ‘‘male- 
ness’’ and ‘‘femaleness’’ are undoubt- 
edly due to the action in the organism 
of the male hormone and the female hor- 
mone, respectively. Also, there seems 
little doubt that the fluctuating concen- 
tration of sex hormones in the blood of 
woman is the basis for a number of 
altered behavior patterns so peculiar to 
the female. It may be confidently ex- 
pected that great advances will be made 
in this subject in the near future, be- 
cause accurate methods for the assay of 
certain of the hormones in the blood and 
secretions of the individual are being 
developed. 


SUPRARENAL GLANDS 


Although the suprarenal glands in 
man and the higher vertebrates appear 
on macroscopic examination to be a pair 
of discrete structures, actually they con- 
sist of two distinct types of tissue, one of 
which, the medulla, is developed in close 
association with the sympathetic nervous 
system; the other, the cortex, is more 
closely related to the genital organs in 
its development. Two definite and dis- 
tinct hormones have been obtained from 
suprarenal tissue—adrenin and cortin— 
and there still remains the possibility 
that other active principles may be ob- 
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tained from these very important endo- 
erine glands. The symptoms which 
develop in patients with suprarenal 
gland disease depend upon which part 
is involved. Thus, there may be evi- 
dences of under- or over-activity of 
medulla or cortex or of both medulla and 
cortex. A discussion of the various types 
of suprarenal cases and their behavior 
characteristics would take us too far 
afield. Suffice it to say, since one supra- 
renal hormone (adrenin) is a sensitizer 
of the sympathetic nervous system, and 
abnormal functioning of the cortex may 
result in profound changes in the secon- 
dary characteristics of sex, that there is 
here a hormonal background for each of 
a variety of behavior patterns manifested 
by those suffering from suprarenal dis- 
ease. 


PANCREAS 


The hormone insulin produced by the 
islet tissues of the pancreas furnishes an 
excellent illustration of an indirect effect 
of an endocrine secretion upon behavior. 
In severe untreated cases of diabetes the 
blood sugar level is elevated and there is 
a condition of acidosis due to the pres- 
ence in the blood stream of large amounts 
of the so-called acetone bodies. By the 
proper use of insulin the blood chemistry 
of these patients may be restored to nor- 
mal and with this restoration of certain 
of the blood constituents to normal 
values there is as a rule a great change 
in the mental attitude and outlook. If, 
however, an overdose of insulin is given, 
or if adequate carbohydrate is not avail- 
able, the blood sugar may fall below 
normal and, if this condition of hypogly- 
cemia is allowed to progress, a convulsive 
seizure with loss of consciousness may re- 
sult. During the time that the blood 
sugar is falling from the normal level to 
the convulsive level, various changes may 
occur in the patient’s subjective sensa- 
tions. There may be at first a sensation 
of hunger, to be quickly followed by 
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faintness. The subject may gradually 
become inarticulate, although still quite 
conscious, but consciousness is soon lost 
and a convulsive seizure occurs. This, if 
untreated, may end fatally. A small 
quantity of sugar will in a few minutes 
restore a patient in hypoglycemic shock 
to normal. 

The hormone adrenin raises the blood 
sugar by virtue of its ability to cause 
glycogen, which is present in the liver 
and muscles, to break down to glucose. 
Professor Walter Cannon and his col- 
leagues* in their brilliant presentation 
have shown that the suprarenal glands 
may be activated in a number of ways 
to discharge adrenin; chief among these 
were pain, hunger, fear and rage. A 
good example of this emergent function 
of the suprarenals was recently reported 
tome. I would like to quote it because it 
furnishes an excellent illustration of the 
effects of two hormones in the same sub- 
ject. 

A diabetic patient taking the insulin 
treatment realized one morning as he 
was walking down the street that he was 
developing a hypoglycemic reaction. 
Finding that he had forgotten to provide 
himself with a chocolate bar, he pro- 
ceeded to the nearest drug store. By 
the time he reached the store his gait was 
unsteady and his speech incoherent. He 
tried to explain to the druggist what he 
wanted, but the latter, fully convinced 
that he was dealing with a drunken man, 
threw him into the street. The patient, 
still conscious and terribly enraged at 
being so treated, promptly recovered and 
proceeded to another store unaided, 
made his wants known and continued on 
his way. Obviously we have here an 
example of the activation of the adrenals 
as a result of anger, leading to the re- 
lease of enough adrenin to cause an in- 
crease in the patient’s blood sugar suffi- 


4W. B. Cannon, ‘‘ Bodily Changes in Pain, 
Hunger, Fear and Rage.’’ Appleton and Com- 
pany, New York, 1916. 


cient to restore his equilibrium and his 
powers of speech. 


THe ANTERIOR PiturTary LOBE 


Research work of the past few years 
in connection with anterior lobe physi- 
ology has established this organ as a 
master-gland among the endocrines. 
This is due to the fact that it exercises 
a trophic influence on a number of these, 
such as the thyroid, the suprarenal and 
the gonads. Over-activity or under- 
activity of the anterior pituitary is 
therefore bound to result in changes in 
other glands. These will be over-stimu- 
lated or under-stimulated according as 
the anterior lobe is liberating more or 
less of the specific trophic principles. 
In eases of manifest disordered function- 
ing of any of the pituitary-controlled 
ductless glands, the question always 
arises as to whether the particular gland 
in question is on an abnormal functional 
level due to a change in anterior lobe 
activity or whether the abnormal condi- 
tion is due to a primary change in the 
gland or glands involved. 

Because of this close functional asso- 
ciation between the anterior pituitary 
and other glands of internal secretion, 
it is possible that most of a group of 
widely divergent cases of obvious en- 
docrine disease may have one thing in 
common—namely, a primary functional 
disturbance in the anterior lobe. Clini- 
cians will agree, I think, that most frank 
endocrine cases have abnormal behavior 
patterns, and since the dominance of the 
anterior lobe in the endocrine chain is 
established, it would appear that this 
gland and its various hormone products 
have more to do with behavior in the 
human subject than any other gland or 
glandular secretion. 

While the variety of cases possessing 
altered anterior lobe function is great, 
two types are often referred to, to illus- 
trate on the one hand the results of over- 
activity and on the other under-activity 














HORMONES 


of this gland. The former is acromegaly 
and the latter pituitary dwarfism. In 
the early stages of acromegaly there may 
be obvious signs of hypergonadism and 
hyperthyroidism. Barker® states that 
marked mental disturbances, frequently 
of a hypomanic character, may be asso- 
ciated with this form of hyperpituitar- 
ism. Most of these cases tend to show 
signs of failing pituitary function in 
later years, often accompanied by cor- 
responding changes in mentality. At- 
kinson, writing on acromegaly, cites 
fifty-four authors who in their publica- 
tions on this disease mention personality 
changes of varying severity from simple 
melancholia to manic depressive insanity 
and schizophrenia. As early as 1897, 
Brunet stated that one quarter of all 
cases on record within ten years of the 
first case described by Pierre-Marie 
showed personality changes. Cushing*® 
found that in one form or another 


psychic irregularities were manifested 
in the larger number of patients suffer- 


ing from this endocrine disease. 

As a result of a critical investigation 
of many endocrine cases, the late Allan 
Winter Rowe’ concluded that frank 
psychoses and less well-defined psy- 
choneuroses find a definite representa- 
tion in all the groups of endocrine dis- 
order. He found that the prepubertal 
pituitary case was frequently a child 
with a behavior problem. He found that 
eases of pituitary disease manifesting the 
Frohlich syndrome usually had a genu- 
ine lowered mental acuity. The adult 
pituitary cases studied by Rowe showed 
a definitely high percentage of individ- 
uals mentally normal. Those who tended 
toward hyperfunction frequently showed 
high intellectual capacity. 

5 Loc. cit. 

6H. Cushing, ‘‘The Pituitary Body and Its 
Disorders.’’ J. B. Lippincott, Philadelphia, 
1912. 


7A. W. Rowe, Collected papers from the 
Evans Memorial Hospital. 
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The pituitary dwarf is as a rule, in 
the early years at least, within normal 
limits in so far as behavior is concerned. 
As the subject grows older, however, 
there may develop an abnormal behavior 
pattern as an indirect result of the hypo- 
pituitarism. The short stature and the 
hypogonadism are the usual causes of 
the changed mental outlook which some 
of the older cases present. 

A good example of marked behavior 
change in the dog, which can be attrib- 
uted to hormone treatment, is afforded 
by the young animal that has been 
hypophysectomized and then after sev- 
eral weeks is treated with a potent hy- 
pophyseal extract. Cushing,’ in his 
pioneer work on the pituitary gland, 
described many examples of behavior 
and personality changes which he had 
observed in his hypophysectomized dogs. 
The case of a wolf-hound puppy studied 
recently in my own laboratory is of par- 
ticular interest in this connection. It 
was observed, soon after the removal of 
the pituitary gland, that the animal, 
although belonging to a naturally ag- 
gressive stock, became extremely stupid 
and timid in his behavior. There was, 
in fact, a clear-cut deterioration in his 
behavior from the normal pattern of the 
wolf-hound puppy. After many months 
the animal was treated daily with an 
anterior pituitary extract. Within a 
few days the animal’s general behavior 
and personality were markedly altered, 
so that he acted much more like the 
normal type. The change was so appar- 
ent that a worker in the laboratory, un- 
aware that treatment had been started, 
commented upon the unusual activity of 
the animal and asked if anything had 
been done which might account for it. 

Cases such as this, proving as they do 
that the level of intelligence in an 
animal can be raised as a result of the 
action of certain hormones, afford a 
background which should allow us to 

8 Loe. cit. 
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look forward with a greater degree of 
confidence to the possibility of applying 
the results of endocrine research to the 
solution of some of the problems of 
human behavior. 

In the discussion thus far I have at- 
tempted to show that the endocrine sys- 
tem and its products, the hormones, con- 
stitute an essential part of the animal 
machine; since individual human behav- 
ior must of necessity be dependent upon 
the nature of the body which the sub- 
ject possesses, it follows that hormones, 
one of the variable quantities in that 
body, can contribute both directly and 
indirectly to the particular pattern 
manifested at any one time. Let us now 
examine a little more closely into the 
mechanism by which hormones can in- 
fluence human behavior. As a starting 
point, I can not do better than to recall 
to you some of the principles of genetics 
which are applicable here. Since the 
development of each individual follows 
from the original union of two cells, the 
sex elements egg and sperm, it follows— 
whatever the outcome may be—that it 
has been predetermined in large measure 
by the character of these two cells. The 
fact that this predetermination is due 
to the chromosomes of the parent cells 
and the countless genes which they con- 
tain has long since been established by 
the research work of the geneticists. 
Some of the properties of the genes, the 
agents directly responsible for the trans- 
mission of hereditary characters, are 
worthy of note here, because of the im- 
portant bearing which they have on the 
subject under discussion. They are able 
to reproduce themselves exactly; they 
are in a way independent of one an- 
other and each gene may have a separate 
or independent effect upon development ; 
one gene may produce effects in more 
than one organ, and many different 
genes may affect a single organ. It has 
been stated, for example, that the eye 


of the fruit-fly may be affected by more 
than fifty different genes.° 

Riddle’ has said: ‘‘Our stature, our 
facial features, the color of our eyes, 
skin and hair, the capacity of our blood 
to clot, our susceptibility to certain dis- 
eases and certain malformations of our 
bones and the nervous system, are all 
known to be influenced by genes. On 
the mental side, color blindness, feeble- 
mindedness, some gradations of mental 
ability, and some forms of insanity are 
known to be influenced by genes.’’ An 
interesting example of a type of idiocy 
with which there is an associated meta- 
bolic disturbance (the excretion of 
phenyl-pyruvie acid) has been studied 
by Penrose*™ and ascribed by him to a 
single recessive gene. 

Some sixteen years ago, Riddle started 
an experiment to establish races of 
pigeons characterized by increased or 
decreased function of some of their en- 
docrine glands. He started with twenty- 
four pairs of birds taken from mongrel 
stock and bred them for fifteen genera- 
tions, all the while selecting only indi- 
viduals with particular types of glands 
for inbreeding. His most outstanding 
results were obtained in connection with 
the thyroid gland. He was able to pro- 
duce three distinct strains or races, the 
individuals of each of which had a con- 
stant thyroid size, but the thyroid size 
was different in each of these races. 
But more important still, Riddle was 
able to show that the birds of different 
**endocrine’’ strain differed markedly in 
their basal metabolic rate, in body size 
and in their degree of response to certain 
hormones injected into them. As Riddle 
remarks: ‘‘How much more valuable 
would such an experiment have been if 


®H. 8. Jennings, ‘‘The Biological Basis of 
Human Nature.’’ W. W. Norton and Company, 
New York, 1930. 

10 QO, Riddle, Unpublished lecture, Cincinnati, 
1936. Quoted by kind permission of the author. 

11 L. 8. Penrose, Lancet, 1: 23, 1935. 
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it could have been done on human be- 
ings, because differences in behavior and 
in mentality could have been recorded.’’ 
In any case, this most valuable contri- 
bution of Riddle shows unmistakably the 
great importance of genetic factors in 
relation to the development of the en- 
docrine glands of each individual. Be- 
havior, then, of the individual in so far 
as it is influenced by the endocrine 
glands is indirectly dependent upon the 
genes to which he has fallen heir and 
which, together with environmental 
forces, determine his endocrine constitu- 
tion. This brings us to the constitu- 
tional factor which is so important in 
dealing with almost all human ailments, 
mental or physical. This is simply the 
expression of the combined results of the 
action of environmental influences and 
hereditary factors which have through 
their agents, the genes, made the indi- 
vidual what he is. 

The studies of Smith and MacDowell*” 
on the dwarf mouse furnish another ex- 


cellent illustration of the effect of ge- 
netic factors on endocrine gland develop- 


ment. These authors have shown that a 
single gene controls the development of 
certain cells in the pituitary gland, and 
it is probable, when this gene is not pres- 
ent in the chromosomes of the mouse, 
that its pituitary gland can not secrete 
certain of the active principles which the 
normal gland produces and liberates. 
Environment is another important fac- 
tor affecting endocrine activity. The 
hormones circulating in the blood consti- 
tute a part of the internal environment 
of living things. As pointed out earlier, 
the activity of the endocrine glands 
themselves may be affected by environ- 
mental factors and here the nervous sys- 
tem is often the channel used in com- 
municating the stimulus arising in the 
external environment to the cells which 
produce the hormones. Blood-borne 


12P, E. Smith and E. C. MacDowell, Anat. 
Record, 46: 249, 1930. 
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messages by means of chemical agents 
may also play a part here. 

It is well recognized that environment 
ean affect profoundly both physical and 
mental development, and hence behavior. 
Mendel was able to produce much larger 
rats by means of special diets; and, to 
borrow an analogy from the plant world, 
the growing soy-bean under red-yellow 
light will become a delicate twining vine ; 
under blue-violet light it becomes a 
sturdy herb.** There are in the case of 
the human family cases of whole peoples 
showing behavior which we should judge 
as definitely abnormal, in whom as yet 
no evidence of physiological abnormal- 
ity, endocrine or otherwise, has been 
described. Examples such as paranoia 
in Dobu and the megalomania of the 
Kwakiutl must certainly be due in the 
main to the special environmental influ- 
ences prevailing in each case—namely, 
the specific culture-patterns evolved by 
these societies. Yet, even in such socie- 
ties as these, as in our own, there are 
doubtless differences of temperament and 
individuals who depart from the norm of 
the society in one direction or another ; 
and it may well be that endocrine factors 
partly determine such individual varia- 
tions. It may also be noted in this con- 
nection that even if the contention of the 
psychoanalysts be accepted, behavior 
traits in adult life are largely determined 
by the infant’s solutions to the problems 
by which it is confronted—especially 
problems of nutrition, excretion and 
sexual relationships—nevertheless, there 
is room in such theories for genetic fac- 
tors, in part possibly endocrine, which in 
their turn determine which of the various 
possible solutions of these problems the 
child may finally accept. 

While modern endocrinology was yet 
in the embryonic stage of development, 
the great French physiologist Claude 

13 W. H. Popp, Contrib. Boyce Thompson In- 
stitute for Plant Research, 1: 241, 1926. 
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Bernard pointed out that in all animals 
with complex organization the living 
parts exist in the fluid which bathes 
them. He called this the ‘‘milieu in- 
terne,’’ the internal environment. Ber- 
nard recognized the great importance of 
the fixity of this internal environment as 
a condition for free and independent life. 
As Cannon has said, ‘‘The fluid matrix 
of the body is made and controlled by the 
organism itself.’’ It is this ability of 
the higher forms of animal life to pre- 
serve uniform the composition of their 
tissue fluid that makes them more inde- 
pendent than their lowly ancestors of 
changes in the external environment. 
Many varied and complex physiological 
reactions together maintain the steady 
state of the internal environment. Such 
steady states which result from the co- 
ordination of various physiological pro- 
cesses have been described by Cannon as 
‘physiological homeostasis.”” But in 
spite of the efficiency of the organization 
for homeostasis, changes of sufficient de- 
gree do occur at times in the internal 
environment to cause profound repercus- 
sions. Removal of an endocrine gland, 
for example, has an immediate effect on 
the internal environment, and in the 
period which follows, during which ad- 
justment to the altered state is taking 
place, changes in many other organs may 
take place. 

All tissues of the body are susceptible 
to slight changes in the composition of 
the fluid which bathes them, and this is 
particularly evident in the case of the 


more highly organized tissues such as the 
brain. Mind, from the biological view- 
point, may be considered as a function 
of the brain—its most recently acquired 
and highly evolved function. Asa living 
tissue, the brain is particularly sensitive 
to changes in the internal environment. 
It follows, therefore, that the brain, the 
organ of mind, can be affected pro- 
foundly not only by changes in hormone 
content of the blood and tissue fluids to 
which the nerve cells are exposed, but by 
changes in any of the physical, chemical 
or physiochemical properties of these 
fluids. Slight changes in subjective 
feelings, in thought and in actions of 
normal individuals from month to 
month, from day to day, and even at 
times from hour to hour, may be logi- 
eally explained as the result of the reac- 
tions of the higher centers to slight 
changes in the internal environment. 

Summarizing, it may be said that be- 
havior of the individual would seem to 
be determined by three things: (1) what 
he comes into life with—namely, his 
hereditary background ; (2) his external 
environment; (3) his internal environ- 
ment. It is only through this last chan- 
nel that the direct effects of hormones 
on human behavior can be manifested. 
Indirectly, hereditary factors and the 
external environment can, as we have 
seen, produce changes in the hormone 
patterns of the internal environment. 
Thus each of these three can influence 
behavior indirectly through the hor- 
mones. 
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THE LAWS OF MAMMALIAN EVOLUTION 


By Dr. WILLIAM BERRYMAN SCOTT 
EMERITUS PROFESSOR OF GEOLOGY, PRINCETON UNIVERSITY 


THE word ‘‘mammal’”’ is an artificial 
term and has no vernacular equivalent 
in any language. Linnus devised the 
word ‘‘mammalia’’ after the Latin ‘‘ani- 
malia’’; and it was, as Dr. Gill used to 
say, one of Linneus’s happiest inspira- 
tions to bring together all mammals un- 
der a single heading. Formerly bats and 
whales were not supposed to be mammals, 
and there was a formal antithesis be- 
tween man and beast, as though man were 
not a mammal himself. Thus ‘‘beast’’ 
and ‘‘quadruped’’ are not the exact 
equivalents of mammalia. The English 
form ‘‘mammal’’ was proposed by Dr. 
John Mason Good about 1813, who was 
very apologetic, not understanding that 
he was performing a real service to zoolo- 
gists. Other languages also have arti- 
ficial words for the same concept, such as 
the French ‘‘mammifére,’’ the Spanish 
‘‘mamifero.’’ The Germans translate 
the term and eall it ‘‘Saugetier’’—the 
sucking animals. But in all these and 
many other languages the word is purely 
artificial and derives from Linnzus’s 
**mammalia.”’ 

The definition of the mammalia may be 
made a long and complicated story, but 
that is quite unnecessary. Two or three 
fundamental characteristics are quite 
sufficient to set the group off from the 
other vertebrated animals, such as rep- 
tiles, birds and fishes. As the term im- 
plies, mammals suckle their young, the 
possession of milk-glands being entirely 
uniform throughout the class. With the 
exception of the egg-laying monotremes 
of Australia, mammals bring forth their 
young alive and are not egg-layers. In 
the third place, mammals are without 
exception warm-blooded, a characteristic 
which they share only with birds. 
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Finally, they are normally covered with 
hair, though a few animals, like elephants 
and hippopotamuses, have lost that hairy 
eovering. The naked skin is invariably 
secondary. No other animal has hair, 
and even the seemingly hair-like appen- 
dages of certain birds are not really hairs 
but barbless feathers. 

The marvelous stcry of mammalian 
evolution is recorded in the rocks, more 
especially those of the western part of 
North America and the southern part of 
South America. Other regions have 
parts of the story in wonderful com- 
pleteness, such as the Gobi Desert of 
Mongolia and certain deposits in Greece 
and France. But no other part of the 
world has so continuous a record as the 
continents of the Western Hemisphere. 

It is impossible in the time at our dis- 
posal to explain the method by which 
the rocks of the earth’s crust are ar- 
ranged in chronological order, and chro- 
nology is the foundation of the whole 
history of evolution. This is amusingly 
illustrated by an anecdote which I heard, 
but the truth of which I can not guaran- 
tee, of a foreign potentate who visited 
New York and was taken to the Amer- 
ican Museum of Natural History and 
there was shown the series of fossil skele- 
tons illustrating the development of the 
horses, from the tiny little Hohtppus, 
no bigger than a fox, to the great modern 


draft horses. His guides took for 
granted that he understood the im- 


mensity of the millions of years involved 
in this history and took no pains to ex- 
plain matters to him. When he returned 
to his kingdom (let us eall it Zenda) he 
ealled his cavalry officers together and 
said : ‘‘ The Americans have done marvels 
in horse breeding. They have built up 
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large and heavy horses from tiny little 
creatures no bigger than a pointer dog. 
Now I want you people to get busy and 
turn our native pony into a cavalry 
horse.’’ If chronology is ignored that 
proposal was entirely reasonable; but it 
is absurd from the point of view of time. 
The age of the earth is now estimated at 
about two billion years; but it is only 
within the latter portion of that vast 
period, say one hundred million years, 
that the development of mammals from 
reptiles took place, and the table which 
I have put on the blackboard will show 
you the major divisions of this latter part 
of the earth’s history. These major divi- 
sions of eras, periods and epochs are 
valid for the whole world and are used 
in all continents; but many more sub- 
divisions are required to show the details 
of the histories of the various mammalian 
families. No less than thirty subdivi- 
sions of the epochs of the Tertiary period 
are in current use; but these are local 
and seldom applicable to more than a 
single continent. 


LATTER Part or EartH HIstTory 


(Quaternary period—Pleistocene 
epoch 
. , Pliocene epoch 
C enozoic Milesene se 
ms Tertiary period {Oligocene ‘‘ 
Eocene sins 
q Paleocene ‘* 





Mesozoic 


Jurassic “- 
Era 


| Cretaceous period 
Triassic 
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The history of mammals begins in the 
Mesozoic era in the upper part of the 
rocks of the Triassic period. By the end 
of the era, the latter part of the Creta- 
ceous, much the greater part of mam- 
malian differentiation had been accom- 
plished ; and yet unfortunately that part 
of the story is the most fragmentary and 
the least understood because of the ex- 
treme rarity of Mesozoic mammals. Not 
half a dozen museums in the world have 
any representation of them. Then, ‘too, 
Mesozoic mammals are all small, most of 


them minute, and are known almost en- 
tirely from jaws and teeth. While much 
may be learned from such organs, they 
give a very incomplete account of the 
faunas. It was in the Tertiary that the 
amazing blossoming out of the mammals 
into their extraordinary variety was 
carried out, so that now they fill a won- 
derful number of different réles adapted 
to radically different habits of life. Most 
mammals are terrestrial—live on the 
ground ; many are arboreal, living chiefly 
or exclusively in trees ; others are burrow- 
ing and live underground; another cate- 
gory is the aquatic mammal which lives 
chiefly in the water, such as hippopota- 
muses and otters ; some live in the sea, like 
seals and walruses that go ashore more or 
less frequently; while whales and their 
allies, porpoises, dolphins, etc., are so thor- 
oughly adapted to the marine mode of 
life that they never go ashore and even 
stranding is fat\l to them. Then finally 
we have the fiying mammals, the true 
fliers like the bats and the gliders like 
the flying squirrels, and other groups 
which by means of a fold of skin spread 
between the four legs are able to take 
most prodigious leaps, as much as 80 
yards, from the top of one tree to the 
foot of another. If an engineer were 
asked to design a locomotive, a tunneling 
machine, a trench digger, a steamboat, a 
submarine and an airplane, and use only 
modifications of a single design, he would 
say that such a task was utterly impos- 
sible or at best could produce only un- 
satisfactory makeshifts. Yet that is just 
what evolution has accomplished, because 
throughout the whole class there is the 
most complete and unmistakable unity of 
structural plan. The smallest known 
mammal, the shrew (a little insectivorous 
creature no bigger than your little fin- 
ger), an African elephant or a ninety- 
foot Greenland whale, all have the same 
skeleton, modified according to need. 
The mole is a wonderful tunneling ap- 
paratus, and his fore feet are perfectly 
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adapted to this operation ; yet the bones 
and the number of them and their ar- 
rangement are the same as in the arm 
and hand of a man. 

There is an obvious reason why this 
marvelous differentiation and diversifica- 
tion did not begin until the latter part of 
the Mesozoic era, and that is the question 
of food supply. Before the latter half of 
the Cretaceous period the land vegeta- 
tion of the earth would not have sup- 
ported a population of large mammals, 
or even those of medium size. Practi- 
cally all our foods—with the exception 
of mushrooms, which are very innutri- 
tious—are derived from the flowering 
plants, and these did not come into ex- 
istence until the late Cretaceous. They 
are therefore the condition precedent to 
the development of mammals; and when 
the great differentiation and spread of 
this type of vegetation took place, it gave 
mammals their chance, and they took an 
astonishing advantage of it. 

The story of mammalian evolution is 
deduced from the data of paleontology. 
Having a succession of fossils in chrono- 
logical order, we are able to deduce the 
method or mode of their advance. The 
principle is precisely the same as that 
employed in almost all historical re- 
searches, whether of archeology or the 
study of manuscripts and handwriting 
or any other inquiry of the sort. The 
prehistoric archeologist uses pottery as a 
means of dating his discoveries, having 
once learned the order of change in pot- 
tery designs from a series of datable re- 
mains. The paleographer, or student of 
manuscripts, does the same for changes of 
handwriting. He ascertains the method 
of change by studying a series of dated 
manuscripts. Every one, even though 
without experience, can identify hand- 
writing of the eighteenth and seven- 
teenth centuries at a glance, but the 
paleographer can do much more than 
this. He can determine, usually within 
a decade, the time at which an undated 
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manuscript was written. My colleague, 
Dean West of Princeton, many years ago 
was invited by the Grolier Club of New 
York to prepare a new edition (Latin 
and English) of Richard de Bury’s 
**Philobiblon.’’ De Bury was bishop of 
Durham in the fourteenth century and 
wrote this treatise on books which was 
exceedingly popular, and of it a great 
many copies were made, and every copy 
means a fresh crop of errors. The writer 
copied all the errors of his predecessor 
and added some of his own, until the text 
of the little treatise became entirely cor- 
rupt. Dean West got hold of one manu- 
script which was remarkably clear and 
free from copyist’s errors, but it was un- 
dated. In order to determine its date, 
he took it to Oxford and submitted it 
to two famous scholars, and he was told 
in advance that their dates would differ 
by ten years, and so it proved. I do not 
remember the figures, but we may arbi- 
trarily assume that one fixed the date 
1450 and the other as 1460. After this 
a hidden date was discovered within the 
manuscript itself, and it turned out to 
be 1455. That, of course, was a lucky 
chance. Such accuracy as that is not 
ordinarily attainable. But the method 
is clear; it is that of first ascertaining 
from dated manuscripts the order of 
handwriting changes, and having learned 
that order, it can be applied to the solu- 
tion of the undated copies. 

That is precisely the method which we 
use in paleontology. We learn the order 
of succession, and that is given us by the 
geology or stratigraphy of the rocks in 
which these fossils occur, and from this 
we construct genealogical series of an- 
cestors and descendants. No doubt they 
are but rude approximations to the 
truth, yet nevertheless they give us the 
the steps of change in their true chrono- 
logical order. From these series we may 
deduce the laws of change. ‘‘Law’’ is 
perhaps an unduly ambitious term. It 
would be more modest and more accurate 
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to say the ‘‘mode’’ of change. We find 
in the first place that the usual method 
by which one group is derived from an- 
other by ‘‘descent with modification’’ is 
divergent ; that is to say, one group gives 
rise to several others which are unlike 
each other and grow less and less like 
with the progress of time. The usual 
history of two successive divisions of the 
geological scale is that a large proportion 
of the mammals of any one time die out, 
and that the population of the next time 
division is derived from a few survivors, 
giving rise to divergent groups, plus a 
certain number of other groups that 
have been supplemented by immigrants 
from some other region. That involves 
the great mystery of extinction. We are 
as yet entirely unable to account for the 
immense extinctions that have swept 
over the earth from time to time. The 
greatest example of this among verte- 
brated animals is the extinction which 
brought the Mesozoic era and the Creta- 
ceous period to a close. The Mesozoic 
was the age of reptiles, of which there 
was an incredible variety adapted to all 
modes of life, and dominating the land, 
the sea and the air, and ranging in size 
from tiny lizards to vast dinosaurs, fill- 
ing the sea with sea dragons and the air 
with Pterodactyls. And yet, with what 
seems to be startling suddenness, this im- 
mense assemblage was swept away all 
over the earth, leaving only the four 
groups of modern reptiles, snakes, liz- 
ards, turtles and crocodiles. In the 
Mesozoic there were twenty-five orders 
as contrasted with these four. No doubt 
the actual dying out of these creatures 
was much more gradual than it seems. 
The apparent suddenness is largely due 
to interruptions in the record. If we 
were reading a book of history and came 
to a place where half a dozen chapters 
had been torn out, the change of subject 
would seem abrupt. It must have taken 
place at any event in a comparatively 
short period of time; and no one has the 


remotest idea as to what brought about 
this revolutionary change. A somewhat 
similar extinction took place among the 
mammals at the end of the Pleistocene 
epoch, the epoch which immediately pre- 
ceeded our own time, and which ended 
with the disappearance of the Glacial ice 
from the northern continents. That ex- 
tinction was by no means so world-wide. 
It affected only about three fifths of the 
land surface of the earth, the warmer 
parts of Asia and Africa escaping its 
effects. But in the Northern Hemisphere 
the destruction was only less complete 
than that of the Mesozoic reptiles. There 
is a remarkable record of Pleistocene 
mammalian life preserved in the tar 
pools of California; and there in the Los 
Angeles Museum may be seen an as- 
semblage of mammals incomparably 
richer than that of the present day in 
North America: great numbers of ele- 
phants of various kinds, including the 
mastodon; huge cats which, for want of 
a better name, are called California 
lions; the terrible saber-tooth ‘‘tigers’’ ; 
gigantic wolves; different species of 
horses, llamas and camels; a dozen differ- 
ent kinds of bison, some of them with a 
spread of horns of six feet; gigantic 
beavers as big as black bears; the gro- 
tesque and gigantic ground sloths, alto- 
gether extinct now, which were, like the 
equally grotesque armadillos and glyp- 
todonts, immigrants from South Amer- 
ica. This incredibly rich fauna was deci- 
mated by these mysterious extinctions; 
and while we can not explain them, we 
ean see that the extinctions were not un- 
discriminating, that they followed a 
method, and that method was elimina- 
tion of the extremely specialized forms, 
including, for example, the elephants, 
which in the Pleistocene covered every 
continent except Australia and now are 
found only in tropical Asia and Africa. 
Not only is their area thus reduced to 
less than one third of what it was in the 
Pleistocene, but the number of different 
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forms is cut down to one tenth of the 
Pliocene and Pleistocene figures. Ne- 
braska is the particularly rich graveyard 
of North American elephants and mas- 
todons. As Professor Barbour, of the 
University of Nebraska, has said, almost 
any disturbance of the soil in Nebraska 
will turn up an elephant. 

The feature which particularly distin- 
guishes Pleistocene mammals is gigantic 
size; but all these huge, fierce and ter- 
rible forms were wiped out as if their 
life depended upon the Glacial ice, which 
of course it did not, though climatic 
changes at that time may have been an 
important factor in bringing about these 
great exterminations. But the same 
principle holds as far back as we can 
trace the story. At every break in the 
record, every pause, the huge and highly 
specialized animals died out ; the smaller 
and more moderate ones continued and 
diversified and gave rise to new faunas. 
The record in the Gobi Desert is particu- 
larly illuminating of this principle. 
Mongolia had a flair for the colossal. 
The most stupendous land animal that 
ever lived is the rhinoceros Raluchi- 
therium, skeletons of which were ob- 
tained by the American Museum parties 
in their expeditions to Central Asia. 
There has lately been finished in the 
American Museum a life-size mural re- 
lief of Baluchitherium, and the incredi- 
ble creature stands sixteen feet high at 
the shoulder. The largest existing Afri- 
ean elephants very rarely exceed twelve 
feet in height. Yet all these great mon- 
sters died out at successive times. One 
can see that the more perfectly and 
nicely adapted to its environment any 
animal is, the more fatal will any change 
in that environment be; and that is per- 
haps the reason for this selective extinc- 
tion, though the extinction itself remains 
a mystery. 

A second kind of evolution is parallel 
development, which may be called for 
short parallelism. This means that re- 


lated groups continue for long periods 
of time to follow parallel lines of evolu- 
tion, yet without any crossing or mixture 
of blood. The late Professor Cope first 
observed this phenomenon among the 
North American camels, in which family 
he discovered many tribes or phyla that 
kept very exact pace with one another, 
undergoing similar modifications, and 
finally dying out one after the other. 
Certain philologists have contended 
that the various dialects and forms of the 
German language are not to be typified 
by a main trunk and branches, as is usu- 
ally done, but rather by parallel chan- 
nels of water of which no common source 
is discoverable, but which pursue their 
parallel courses throughout the history 
of the language. Whether or not this is 
an acceptable view of the development of 
the Germanic dialects, it is an excellent 
picture of the parallel development of 
tribes within a family. Darwin himself 
recognizes the probability of such par- 
allel evolution by saying that allied spe- 
cies with similar physiological constitu- 
tion might be expected to go through 
similar cycles of variation. But par- 
allelism is much more comprehensive 
than this and takes in, not only species, 
but families and orders, as is beautifully 
illustrated by the history of the horses 
on one hand and of the swift running 
ruminants on the other, as will be seen 
more particularly in a few moments. 
The third type of development is con- 
vergent development or, in briefer form, 
convergence. By convergent develop- 
ment is meant evolution in which more 
or less similar forms are more nearly 
alike than were their ancestors, and is 
thus the exact opposite of divergence. 
The possibility of this was long denied 
by zoologists, chiefly in the interests of 
the theory of natural selection with 
which it seems to be incompatible. Now 
the pendulum has swung to the opposite 
extreme and convergence is overworked, 
many writers finding in it a convenient 
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means of setting aside resemblances and 
relationships which do not suit their 
views. Now, first, for some illustrations 
of this principle. It can be affirmed with 
great positiveness because, in cases to be 
cited, each step in the development can 
be actually observed. So far as single 
organs are concerned, like teeth or feet 
or skull structure, the number of cases 
of convergence that may be cited is un- 
limited. One of the most remarkable 
instances which may serve as an illustra- 
tion of the principle is the astonishing 
saber-tooth marsupial (Thylacosmilus) 
lately discovered in Catamarea, an Ar- 
gentine province, by my friend and one- 
time pupil, Mr. E. 8. Riggs, of the Field 
Museum in Chicago. This great skull is 
wonderfully like that of the Pleistocene 
saber-tooth cat Smilodon, which is so 
exceedingly abundant in the tar pools of 
Los Angeles. Not only are the upper 
canine teeth converted into huge sabers, 
but the lower jaw has developed on each 
side a bony flange for the protection of 
the tusks. The general appearance of 
this skull is deceptively like that of the 
California saber-tooth ; and yet the crea- 
ture is not a cat, is not even one of the 
Carnivora, but a Marsupial nearly re- 
lated to the opossums and the ‘‘Tas- 
manian wolves’’ so-called. But conver- 
gence may go even further than this and 
involve not simply skull and teeth but 
the entire skeleton. In South America 
in the Miocene of Patagonia there is 
abundantly represented a family of the 
exclusively South American order Litop- 
terna, which is so extraordinarily horse- 
like that many paleontologists have in- 
sisted that it must have equine relation- 
ships and be included in the same ordinal 
group as horses. This idea has been now 
very generally abandoned, and the fam- 
ily accepted as one of the most striking 
eases of convergent development known. 
Every bone and almost every tooth is 
horse-like, and in some respects several 
genera of this family actually surpassed 


the horses in the completeness of the re- 
duction of the toes to a single one. The 
modern horse, it is true, has but a single 
functional toe, the third of the original 
five, but, in addition, retains the rem- 
nants of the second and fourth toes in 
the shape of long ‘‘splint bones,’’ which 
are not visible externally. But the mock 
horses of South America have reduced 
the splints to vestiges no larger than a 
split pea, making the most perfect mono- 
dactyl creatures ever discovered. 

The question naturally presents itself, 
How far may convergence extend? And 
a partial answer at least is given by the 
fact that it never amounts to identity or 
exact similarity. While every bone and 
nearly every tooth of this Patagonian 
horse-like creature resembles the corre- 
sponding parts of true horses, especially 
those of the three-toed kinds found in 
the North American Tertiary, no compe- 
tent anatomist would confuse one with 
the other. There is a marked similarity 
throughout, but nowhere an exact simi- 
larity. 

Time forbids the enumeration of more 
eases of these kinds of development— 
divergence, parallelism and convergence. 
The latter two modes of development are 
less common. Divergence is the normal, 
usual one, so far as the records have yet 
been deciphered. 

We may now take up one or two lines 
of descent which have been most satis- 
factorily deciphered from the story in 
the rocks. The case of the horses has 
been so often cited that many paleon- 
tologists are tired of it and make mock 
of it, as though an assertion were ren- 
dered untrue by repetition. This story, 
which is the most complete yet ascer- 
tained in the history of mammalian fami- 
lies, begins in the early Eocene and con- 
tinues to the present day. No doubt its 
actual beginning in the Paleocene will 
some day be brought to light. The ear- 
liest horse known as yet is the little 
Eohippus of the Lower Eocene, a crea- 
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ture no larger than a fox or greyhound, 
with short neck, short limbs and feet, 
long body and tail, with four toes on the 
fore feet and three on the hind, and with 
teeth of a very simple pattern, low- 
crowned, forming roots immediately 
after eruption, so that no further growth 
is possible. In each of the thirty odd 
subdivisions of Tertiary and Quaternary 
times there is found the characteristic 
horse genus of that subdivision, together 
with branches which came to nothing in 
the long run but which display step by 
step modification. Each genus is com- 
posed of larger animals than the preced- 
ing one, so that there is a steady increase 
of size. The neck grows steadily longer ; 
the limbs and feet are gradually elon- 
gated in each successive stage. Of the 
bones of the forearm and lower leg, the 
outer one is reduced, the inner one en- 
larged so as to carry the whole weight, 
and eventually the two co-ossify into 
what is functionally a single bone. The 
number of toes is reduced, first to three 
in each foot; then the median, third toe 
enlarges and the second and fourth 
diminish until they become mere dew- 
claws and finally lose their external por- 
tions so that only splints remain, and 
these shrank and grew shorter with time. 
The teeth take on an exceedingly compli- 
cated pattern and continue to grow 
throughout life; because midway in the 
history the horses took to grazing, living 
principally upon grass, and grass is an 
extremely abrasive substance, which 
wears teeth down very rapidly; and if 
the life of the individual were not to be 
unduly shortened, it was necessary that 
the teeth should continue to grow and 
make up for the loss by wear. The skull 
and jaws are remodeled to make room for 
these greatly elongated teeth. Through- 
out nearly all their history the horses 
were very light and slender, having much 
the proportions of deer or antelope: but 
late in the Tertiary, in the Pliocene 
epoch, they began to take on the sturdy 
build of modern horses without losing 


the grace and beauty of equine propor- 
tions. The whole object, so to speak, 
of equine development is, as Huxley 
phrased it, to form a ‘‘cursorial ma- 
chine,’’ which the horse preeminently is. 

The swift-running ruminants, whose 
history is not known with quite such full- 
ness and exactness and yet with a con- 
siderable degree of completeness, parallel 
the horses in this development for speed, 
and step by step we may follow the pro- 
gressive elongation of the neck, the short- 
ening of the trunk and tail, the elonga- 
tion of the limbs and feet and the 
reduction of the toes. In the ruminants 
and their relations the limit of reduction 
is two; and yet they overcome this to a 
certain extent by fusing the two long 
bones of each foot into a single cannon- 
bone, though the visible toes remain sepa- 
rate, which gives the appearance of a 
**eloven hoof.’’ 

A totally different type of develop- 
ment we find among very heavy and 
massive animals, such as the elephants, 
rhinoceroses, hippopotamuses and sev- 
eral extinct groups of hoofed animals, 
which show a very similar mode of devel- 
opment. In each of these lines, the hip- 
popotamus excepted, we may trace the 
developmental steps, and in them there 
is a similar increase of bodily size and 
weight to a bulk much greater than that 
of horses and ruminants, rising in the 
larger individuals to several tons and 
presenting a mechanical problem which 
is very different from that of the swift- 
running types. In all these massive 
forms we find that reduction of the toes 
stops at the point reached when great 
increase of weight began; as five in the 
elephants, four in the hippopotamuses 
and three in the rhinoceroses. In all these 
heavy forms the feet remain short, the 
limb bones are unreduced and never co- 
ossify, the neck is short, the trunk very 
long, and the skull develops a huge mass 
of sinuses or connecting cells which pro- 
tect the brain. This reaches a maximum 
in the elephants, so that much knowledge 
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and skill are required to put a bullet into 
an elephant’s brain. In the largest and 
heaviest of these animals of most of the 
different groups, the leg bones lost their 
marrow cavities, which are filled up with 
spongy bone, increasing the strength of 
the bone without enlarging its diameter. 

These are two types, then, of mamma- 
lian evolution so far as the hoofed ani- 
mals are concerned. Development of the 
Carnivora, to say nothing of the flying 
types, took place along entirely different 
lines, because the mode of life and habits 
of taking food are so radically different. 
But the fact remains that all these lines 
of modification, while differing so much 
in detail, follow similar principles, which 
may be formulated and which constitute 
the ‘‘laws’’ of mammalian evolution. 

In the first place, specialization takes 
place by loss of parts. The earlier mam- 
mals had the maximum number of teeth, 
of vertebrae, of toes; and while we can 
not assert with definiteness that no addi- 
tional tooth or toe or vertebra was ever 
developed, yet it may be said that that 
is not the normal method of modification, 
but a very rare exception. The earlier 
mammals of the Paleocene and older 
Eocene had the maximum number of 
these parts, and in each successive stage 
of geological time in the progressive 
groups this number was reduced. In all 
the placental mammals of the early 
Eocene the number of teeth is 44, which 
in ourselves is reduced to 32, and every 
genus or species almost has its own char- 
acteristic number. The only cases of 
tooth addition are those of the toothed 
whales and certain armadillos. A por- 
poise or a dolphin has several hundred 
teeth, a number far in excess of the an- 
cestral types, which had only 44. But 
here the increase in parts is accompanied 
by a complete simplification. The teeth 
are remarkably peg-like without any 
modification whatever. Of the normal 
type of mammal teeth, there is but one 
ease of probable addition in number, and 
that is the long-eared fox of South 


Africa (Otocyon), which has four molars 
instead of the normal number of three. 
How this exceptional condition arose can 
not be stated until the history of the 
genus has been ascertained; but it looks 
like a case of addition and, if so, is 
unique. Elsewhere reduction in number 
is the invariable rule. This reduction 
in number is accompanied by enlarge- 
ment and specialization of the parts re- 
tained. The horse’s foot, for example, 
is far more elaborately constructed than 
the foot of a rhinoceros or a tapir, be- 
cause reduction to a single digit makes 
necessary greatly increased strength in 
the joints, and we find elaborate arrange- 
ments to prevent dislocation. A very 
perfect illustration of the enlargement 
and specialization of parts remaining is 
given by the lower shearing teeth of the 
lion or tiger or other large cats. In the 
ancestral form, as may be demonstrated, 
this tooth had five cusps: an anterior 
shearing triangle of three and a lower 
posterior heel of two. One by one these 
cusps are reduced, until there are only 
two of the original five remaining, form- 
ing part of the shearing triangle, while 
the heel disappears altogether. These 
two cusps are greatly enlarged, made thin 
and sharp-edged, and form, with the 
corresponding upper tooth, a most per- 
fect shearing apparatus. A lion can bite 
through a horse’s leg as though it were a 
stick of macaroni. This, however, is only 
one method of tooth modification. A less 
common one is the addition of cusps, and 
the most perfect example of this is the 
grinding tooth or molar of an elephant, 
which, as has been shown, arose from a 
smaller tooth of four cusps. In the last 
molar of the elephant we may find as 
much as 25 or 30 plates of alternating 
dentine, enamel and cement; but the 
teeth are of such immense size that only 
two can find room at the same time in 
each side, above and below, making a 
total of eight. There are other cases of 
this same sort, like the water hog or 
capybara of South America, which is the 
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largest of existing rodents and which has 
almost as enlarged and complicated a 
tooth as an elephant. The wart hog 
of Africa also imitates the grinders of 
the elephant. But the more common 
method, as explained, is by reduction of 
parts and specialization of those which 
are retained. It is only in the teeth that 
we find additional elements. In all other 
parts of the body reduction is the rule. 
For instance, no existing Perissodacty] 
(the horse, tapir and rhinoceros group) 
has more than 23 vertebrae in the trunk. 
In the Eocene period we find 25 to 30; 
and all the early members of every order 
have long tails, which are retained in full 
length only by the great cats. All others 
have diminished their tails, and many 
have lost them altogether. 

Another principle is the one enunci- 
ated by the late Professor Dollo, of Brus- 
sels ; namely, the irreversibility of evolu- 
tion. This may have exceptions, but it is 
undoubtedly the general rule. A part or 


organ once lost is never regained, so far 


as we know. It has been done by arti- 
ficial breeding, as Professor Castle, of 
the Harvard Medical School, has bred 
four-toed guinea pigs, though their wild 
ancestors as well as all the domesticated 
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forms, are three-toed. But there is no 
reason to believe that this happens under 
natural conditions. If so, it is the rare 
exception. 

The question arises, What is back of 
all this? What is the driving force that 
has produced this astonishing develop- 
ment and diversification? And the an- 
swer must be: We do not know. Dar- 
win’s theory of natural selection did 
offer a solution of the problem, and many 
naturalists still retain a belief in this 
theory. It has, however, steadily lost 
ground; and paleontologists especially 
have never been satisfied with it, because 
it seemed incompatible with the phenom- 
ena of parallel and convergent evolu- 
tion, which have been so fully demon- 
strated. It certainly seems impossible 
that selection of random variations in 
unrelated lines should have produced 
such likenesses as the saber-tooth mar- 
supials and the mock horses of South 
America. But in giving up the theory 
of natural selection we have nothing to 
put in its place and it does not seem 
likely that we ever shall have; though 
he is either a very foolish or a very bold 
man who would undertake to set limits 
to the possibilities of scientific discovery. 
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PROFESSOR OF BOTANY AND ADMINISTRATOR OF BOTANICAL COLLECTIONS, HARVARD UNIVERSITY 


‘* Aut flesh is grass,’’ an ancient scrip- 
tural saying, is essentially true, for as 
all herbivorous animals are directly de- 
pendent on plants, so, once removed, are 
carnivorous animals dependent on the 
vegetation, even as is man. To a very 
large degree our present civilization is 
based directly or indirectly on plants, 
and its continuance, in ultimate analysis, 
is definitely dependent on the plant king- 
dom. These evident truths are merely 
stated to explain or at least to justify 
the caption, ‘‘ Plants and Civilizations.’’ 

There is an interesting corollary be- 
tween the development of the various 
types of vegetation in past geologic times 
and the types of animals characteristic 
of each geologic period. In the past, as 
now, the animals of each epoch were de- 


pendent on the available food supply, 
and at all times the vegetation was the 


primary source. It was not until after 
the modern types of vegetation were de- 
veloped, in the Cretaceous and in the 
Eocene of the Tertiary, that the mam- 
mals, the highest group of animals, could 
become dominant, although they ap- 
peared in geologic time some millions of 
years earlier. Previous to the develop- 
ment of the grasses, the chief type of 
plant that will thrive under constantly 
heavy grazing, the food supply of the 
herbivorous mammals was distinctly lim- 
ited. The Eocene, the oldest period of 
the Tertiary, commonly designated ‘‘the 
dawn of the recent,’’ was the dawn 
of the recent only in so far as the animal 
life was concerned. Most of the modern 
types of flowering plants were even then 
extant and widely distributed, many of 
them having originated in the Creta- 
ceous. 


One can hardly say just how long man 
has been present, but there is clear evi- 
dence that he existed as a very primitive 
individual in the Tertiary. It was not, 
however, until some time during the 
Pleistocene that he commenced to become 
a dominant factor, and even here the 
term dominance is relative. Man’s early 
progress was exceedingly slow. As long 
as he remained in the primitive stage of 
nomadism, having no fixed place of 
abode, dependent for his daily food en- 
tirely on hunting, fishing and such 
edible portions of wild plants as were 
available to him, little definite progress 
was possible. Thus dependent on nature 
for his daily food, he must, of necessity, 
follow a nomadic existence, for such a 
food supply is not constant, varying 
from season to season, involving the ne- 
cessity of moving from place to place in 
search of it. It was only well after agri- 
culture had become a definitely estab- 
lished art that anything approaching 
what we call civilization was possible, 
for agriculture is and always has been 
basic to advanced cultures in all parts 
of the world. All early civilizations are 
proofs of leisure, provided by a perma- 
nent and dependable food supply, as well 
as of innate capacity on the part of the 
pioneers of civilization, no matter where 
located. 

The claim is frequently made that 
astronomy is the oldest of the sciences, 
but this may be challenged if we admit 
that agriculture and a wide knowledge 
of the economic uses of plants are sci- 
ences. Before even the most primitive 
agriculture could be developed, man 
must have acquired a vast fund of 
knowledge about plants, their properties 
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and uses; botany, if you will, or at least 
economic botany. Essentially this know]l- 
edge must have been empirical, acquired 
in part by the method of trial and error, 
in part by direct observation, but it was 
eumulative. This applies to plants yield- 
ing edible fruits, seeds, tubers, vegetative 
parts and even flower-buds and flowers; 
to those yielding poisons, medicines, 
fibers, gums and resins; and even to 
those yielding timbers adapted to this 
or that particular need. It was only on 
the basis of a very wide and intensive 
empirical knowledge of plants, their 
products and their uses, that primitive 
man could possibly develop even the 
beginnings of agriculture, and these be- 
ginnings must have antedated anything 
that we should recognize as civilization 
by many thousands of years. 

Ethnologists recognize various periods 
in man’s development from a thoroughly 
primitive nomad through various stages 
to what we call modern civilization. For 
several million years little progress was 
evident. Conservative ethnologists place 
the beginnings of culture at approxi- 
mately the opening of the so-called Ice 
Age near the close of the Tertiary. In 
terms of geologic time, as now estimated, 
this was about 1,000,000 years ago, but 
even at this remote period crude stone 
implements were in use. Man’s actual 
presence on the earth long antedates this 
period. 

For most of this million years upward 
progress was very slow. Beginning 
perhaps between 20,000 and 30,000 years 
ago, but probably earlier, more definite 
advances were made. The use of fire, 
the construction of shelters, the use of 
clothing and bodily ornaments, the prac- 
tice of various ceremonies, primitive 
sculpture, formal burial of the dead, are 
some of the factors involved in a very 
slowly unfolding civilization. 

Then came an economic revolution of 
the greatest significance for the future 
of the human race. Possibly between 


431 


10,000 and 15,000 years ago, but prob- 
ably earlier, although some authorities 
allow only 8,000 to 10,000 years, agri- 
culture became an established art, and 
the primitive civilizations based on this 
early agriculture became an established 
way of living. This primitive agriculture 
was merely the successful domestication 
of certain basic food plants in certain 
parts of the world, followed later by the 
successful domestication of certain ani- 
mals. This step or these steps thus sup- 
plied the pioneers of civilization with the 
advantages of a permanent and depend- 
able food supply. Thus sedentary life be 
eame possible, and a certain amount of 
leisure resulting from the division of 
labor enabled those individuals endowed 
with the proper mental capacity the op- 
portunity to devote time and thought to 
other than the previously dominant fac- 
tor of providing the necessary daily 
food. 

The probability is that the actual cul- 
tivation of plants preceded the domesti- 
eation of animals, for animals under 
close domestication must be provided 
with food. Possibly in some parts of the 
world man did follow his flocks and 
herds before he actually commenced till- 
ing the soil, but it was the actual plant- 
ing and care of crop plants that defin- 
itely removed man from the nomadic 
class and provided the basis on which 
higher civilizations could be developed. 
To become a successful agriculturist in- 
volved a definitely fixed abode. There 
was thus gradually developed in certain 
strategic centers an agriculture based in 
part on plants, in part on animals, de- 
pending on the people, the location, the 
climate and on what was available for 
domestication. 

What we call civilization is so com- 
plex, and the factors that have encour- 
aged or permitted its development are 
so diverse, that manifestly one can not 
truthfully claim that any single factor 
has been the deciding one, permitting or 





THE SCIENTIFIC MONTHLY 


encouraging this or that development. 
The use of implements, the application 
of fire, the use of clothing, the construc- 
tion of shelters, the development of 
metallurgy, the use of stone in construc- 
tion of buildings, the invention of writ- 
ing, are all important factors, each in its 
own way essential to further advances. 

If, however, there be any single factor 
that has permitted or encouraged the 
development of civilization over and 
above all others, it is probable that agri- 
culture should be given this credit. Just 
when agriculture was first practiced we 
do not know, but we can approximate 
the places where its development first 
became manifest. Just how the discov- 
eries were made that certain food plants 
could be profitably grown is immaterial 
—they were in any case unquestionably 
accidental. Agriculture is not the inven- 
tion of any one man or any one people, 
but numerous individuals in the dim 
past and among diverse peoples in vari- 
ous parts of the world have contributed 
to it, now in this direction, now in that. 
Let it be emphasized here that modern 
man has not added a single basic food 
plant or domesticated animal to the long 
list of those selected and tamed by pre- 
historic man, for every important species 
was already in domestication somewhere 
in the world at the dawn of recorded 
history. 

In tracing the origin of cultivated 
plants many factors are involved. Plants 
long in cultivation have by selection and 
hybridization frequently assumed strik- 
ingly different and reasonably fixed 
forms, as indicated by such common 
vegetables as the cabbage, kohlrabi, 
Brussels sprouts, kale and cauliflower, 
all derived from the native European 
Brassica oleracea Linn. It is therefore 
sometimes difficult to prove that this or 
that feral type is really the parent form 
of this or that cultivated plant. Were 
such distinct forms as those of the Bras- 
sica mentioned above found in nature as 


wild plants, most botanists would un- 
hesitatingly accept them as distinct 
species. Convincing evidence is that 
provided when we find the parent species 
growing in its native habitat and can 
positively prove that it is the wild pro- 
totype; but here one must constantly be 
on guard, because cultivated plants in- 
troduced into remote regions even in 
modern times have frequently become 
naturalized in their new homes and from 
their present occurrence appear quite or 
almost as though they were indigenous 
species in their new homes. The wild 
ancestors of nearly all cultivated plants 
are now known and we can with con- 
fidence state that this species is a native 
of that region and that that species comes 
from Mexico or Asia Minor or China, as 
the case may be. Even when we do not 
actually know the wild parent of such im- 
portant cultivated plants as tobacco, 
maize and the common garden bean, we 
can with confidence state that they origi- 
nated in some part of North or South 
America, and that the coconut came origi- 
nally from some part of the Old World 
tropics. 

Wolff in 1932 discussed the process by 
which plants were and still are brought 
under domestication. He states: 

Among the cultivated plants there are such 
ones which have entirely lost their connection 
with the wild flora, which not only do not 
occur themselves in wild state, but for which 
it is difficult even to ascertain the initial 
forms. To the second category belong species 
whose connection with the wild representative 
may be readily traced, but which themselves 
are not met with in wild state. Both are 
cultivated plants in the full meaning of the 
word. As already mentioned in the preceding 
chapter, they frequently have so much changed 
their biological features in cultivation that they 
have entirely lost the faculty for an independ- 
ent existence, without the support of man. 

Finally the third category is formed by 
plants still met with in wild state, either in the 
region of cultivation itself, or in places fre- 
quently not distant from it. In this case we 
have to deal with wild species, little altered 
or quite unaltered by man, which might be 
more correctly called ‘‘grown’’ species, in op- 
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position to the above mentioned ‘‘cultivated’’ 
species. 

From this category there is but one step 
to the wild species utilized by man in wild state, 
by way of gathering the plants or their prod- 
ucts. This is the first stage in the origination 
of cultivated plants, which for some of them 
is connected with the present day while for 
others it has become a remote past. 

The origin of the cultivation of any plant 
must be thought of as a series of successive 
stages of domestication, through which the given 
plant passes. Beginning with the accidental 
acquaintance with the plant in its wild state, 
with subsequent deliberate gathering of its 
products, and finally its intentional introduc- 
tion into cultivation and gradual selection of the 
forms most valuable for man—such are the 
stages through which every cultivated plant has 
passed, and still passes, in its evolution. At the 
present time all these stages of the transforma- 
tion of a wild plant into a cultivated one may 
be simultaneously observed. Thus we have a 
series of plants which are utilized by man 
simply by way of gathering them—it suffices 
to mention the medicinal plants, different fruits 
and berries as well as many technical plants, etc. 
We can cite a series of examples of the utiliza- 
tion of stands of wild-growing plants by way of 
certain improvements, cultivation of the soil, 
application of fertilizers and the elimination of 
other species growing promiscuously with them. 
We are able not only to trace, but to observe at 
the present time the transformation of the wild 
growing weeds admixed to the crops, into eulti- 
vated plants. 


A brief survey of the approximate 
places or origin of cultivated plants and 
of domesticated animals emphasizes the 
striking fact that most of the plants and 
animals, and all the really important 
ones, came from certain restricted areas 
in North and South America and 


Eurasia. These regions are essentially 
the highland of Mexico and contiguous 
areas in North America; of Peru, Bolivia 
and Chile in South America, and in 
Eurasia certain parts of China, northern 
India, Central Asia, Asia Minor and 
perhaps Abyssinia. 

These limited areas that supported the 
wild ancestors of our present-day culti- 
vated plants and domesticated animals 
form only a very small percentage of the 
land surface of the earth; all North 
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America north of Mexico, most of South 
America, most of Africa, all Australia, 
and most of Europe and Asia contrib- 
uted nothing of importance. 

It should be noted that the centers of 
origin of agriculture and of civilization 
are in general characterized by an 
equable type of climate, without great 
extremes of heat and cold, and in gen- 
eral with a restricted rainfall. They are 
to be classed as subtemperate or sub- 
tropical, rather than as temperate or 
tropical, presenting from the standpoint 
of primitive man neither the rigors of 
the colder temperate regions nor the 
equally evident disadvantages of the 
deep tropics. 

Even more impressive is the fact that 
those centers in whch ancient civiliza- 
tions developed, whether in the Old 
World or in the New, are the same as 
those wherein our basic cultivated food 
plants and domesticated animals origi- 
nally occurred as feral species. There is 
thus a very close correlation between the 
places of origin of cultivated plants and 
domesticated animals and the places of 
origin of early civilizations. It becomes 
manifest that in each ancient center cer- 
tain cultivated plants formed the basis of 
the food supply on which each ancient 
civilization was based, in each case the 
basic species being supplemented by sec- 
ondary ones. Thus in Mexico may be 
listed as basic species maize, beans and 
the sweet potato; in Peru the potato, 
maize and beans; in Central Asia, Asia 
Minor and perhaps very limited parts of 
the Mediterranean basin certain cereals, 
including rye, barley, wheat and oats; in 
India and China rice and perhaps millet 
and sorghum. In all centers the secon- 
dary sources included certain local fruits, 
vegetables and root crops; meats, dairy 
products, and fish must of course be 
added. 

Thus far little but general principles 
have been considered. What follows is 
largely an attempt to apply our knowl- 
edge of the origin of cultivated plants to 
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that very intriguing and much discussed 
problem of the origins of the pre-Colum- 
bian American civilizations. 

If one compares pre-Columbian Amer- 
ican agriculture with that of Eurasia 
with an unbiased mind, carefully weigh- 
ing the biological evidence, he will reach 
certain very definite conclusions regard- 
ing man and his activities in America. 
It is an incontrovertible fact that agri- 
culture originated in America on the 
basis of strictly native American plants 
and animals, not one of which was known 
in Eurasia until after 1492, even as not 
one of the more numerous cultivated 
plants and domesticated animals of 
Eurasian origin, except the common 
dog, was known in America until after 
the same date. The significance of this 
statement is not fully realized by various 
theoretical historians, some anthropolo- 
gists and numerous popular writers. It 
supports in a remarkable manner the 
belief of most conservative anthropolo- 
gists that man reached America from 
Asia as a primitive nomad; that once 
here he developed his civilizations de 
novo on the basis of a wholly new agri- 
culture that in turn was based on strictly 
native American plants and animals. 

DeCandolle’s conclusions on the origins 
of cultivated plants as expressed by him 
in 1883 are essentially correct. In the 
ease of a few individual species his find- 
ings have been challenged, but in no im- 
portant one has he been shown to be in 
error. In reference to the bearing of 
cultivated plants on Eurasian-American 
civilizations he merely states: ‘‘Dans 
l’histoire des végétaux cultivés je n’ai 
apercu aucun indice de communications 
entre les peuples de l’ancien et du 
nouveau monde avant la decourverte de 
l’Amérique par Colomb.’’ The facts 
were so manifest that further discussion 
of the matter seemed to be necessary. 

The same idea was expressed by Cook 
in 1925 in the following words: ‘‘That 
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the agriculture of the native peoples of 
the North and South America was not 
introduced from the Old World but had 
an independent indigenous development, 
is demonstrated by the fact that Amer- 
ican agriculture was based on native 
American plants.’’ 

In 1931, Vavilov thus states the case: 
*‘ Agriculture in pre-Columbian Amer- 
ica has originated quite independently 
of the Old World. If the peoples of the 
New World have come from Asia, as is 
supposed by the majority of investiga- 
tors, they have certainly come without 
the cultivated plants of Asia. The intro- 
duction of the wild plants into cultiva- 
tion was a perfectly independent process 
in the New World.’’ 

These conclusions will not be accept- 
able to certain representatives of that 
school of anthropologists known as the 
diffusionist. They maintain the hy- 


pothesis that culture originated in one 
place and that by direct or indirect con- 
tacts it was spread over the world. The 
extremist apparently does not admit the 


possibility that an art or a striking ad- 
vance in culture could possibly originate 
independently in different parts of the 
world. Yet this problem of American 
versus Eurasian agriculture supplies in- 
controvertible evidence that this art or 
science, an activity absolutely basic to 
civilization, did originate in America in- 
dependently of Eurasian contacts; and 
if such a complex science or art as agri- 
culture has thus been independently 
developed in remote centers, then why 
should we not accept the idea in refer- 
ence to architecture, sculpture, hiero- 
glyphies and other arts of civilization? 
It must be remembered that, relatively 
speaking, agriculture was just as highly 
developed in pre-Columbian America as 
it was in Eurasia, involving not only the 
selection and domestication of plants and 
animals, but also the art of plant breed- 
ing, the adaption of plants to varying 
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climatic conditions, the use of fertilizers, 
construction of extensive terraces and 
the application of the art of irrigation. 

There is even the possibility that agri- 
culture may actually be older in Amer- 
ica than it is in Eurasia, a point that can 
net be definitely settled. Supporting 
this idea is the fact that for the Eurasian 
cultivated plants the actual wild proto- 
type of each is known with reasonable 
certainty; yet in America, the wild 
forms of such important plants as to- 
bacco, maize, the garden bean and sev- 
eral other species are not with certainty 
known. As expressed by Cook: ‘‘The 
much closer resemblances between the 
domesticated and wild forms in the Old 
World as compared to those of America, 
suggest that domestication has taken 
place in the Old World more recently 
than in America; and that the biological 
factors indicate a greater antiquity of 
agriculture in America than in the Old 
World.”’ 

If man reached America over a north- 
ern route, as he unquestionably did, he 
came as a primitive nomad dependent 
on hunting and fishing. Even if he had 
any knowledge of agriculture in Asia 
he would have entirely lost that knowl- 
edge in the many generations involved 
in his occupancy of the New World. He 
brought no crop plants with him from 
Asia because the climatic conditions in 
the northern part of his route of migra- 
tion are inimical to agriculture. As a 
matter of fact, man probably left Asia 
on his American adventure before the 
development of agriculture in that part 
of Asia whence he came or with which 
he was familiar. As he advanced south- 
ward in America, he eventually came in 
contact with native food plants, and in 
the course of time, unquestionably in- 
volving many generations, he selected 
and adapted certain species to cultiva- 
tion ; but nothing even approaching agri- 
culture was attempted before he reached 
the native homes of the plants he later 
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learned to utilize; and this means Mex- 
ico, for no important cultivated plant of 
the pre-Columbian American agricultur- 
ists was originally native of that part of 
North America north of Mexico. 

A striking fact in support of the gen- 
eral thesis that man entered North 
America as a primitive nomad, bringing 
no agriculture with him, is that among 
the domesticated animals the only one 
common to the two hemispheres in pre- 
Columbian times was the common dog, 
and the dog would naturally be the one 
animal that a primitive nomadic hunter 
would bring with him in his migrations. 
We have already seen that no cultivated 
plants and no other domesticated animals 
were conuvnon to the two hemispheres until 
after the close of the fifteenth century. 

It was perhaps but natural that the 
early European explorers of North and 
South America should attempt to ex- 
plain what they found here on the basis 
of assumed ancient contacts between the 
peoples of the Old and the New World. 
Yet as early as 1670 Ogilby had clearly 
demonstrated that these assumptions 
were illogical, and even at that early 
date had concluded that man had 
reached America from Asia over a north- 
ern route. This was merely a logical 
deduction based on such data as were 
then available to him, in refutation of the 
fanciful ideas of preceding observers that 
the early American civilizations must have 
been derived from Eurasia. As a matter 
of fact, outside of those efforts of purely 
imaginative writers to derive early 
American cultures from hypothetical 
lost lands such as Atlantis and Mu, the 
ancient Egyptians, Phoenicians, Cartha- 
ginians, Mesopotamians, Greeks, Latins, 
Welsh, Irish and even the “‘lost tribes of 
Israel,’’ have been invoked, as well as 
peoples of India, China and Japan, to 
explain pre-Columbian American civili- 
zations. 

As noted by Cook, historians and 
others (among whom I would class some 
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anthropologists and ethnologists, partic- 
ularly the diffusionists, and a much 
larger number of popular writers) who 
do not have a biological background may 
and often do fail to consider some of the 
most significant factors in locating 
centers of primitive culture. He em- 
phasizes the fact, patent to all biologists, 
that the Mediterranean basin was not 
the site of an indigenous development 
of agriculture, because the most import- 
ant crops on which the Mediterranean 
cultures were based were exotics, having 
been introduced in the prehistoric and 
historic periods from other regions. 

Thus, to refute the claims of those 
diffusionists who claim that agriculture 
and civilization originated and devel- 
oped in the Nile Valley, it is only neces- 
sary to indicate that not a single crop 
plant cultivated by the ancient Egyp- 
tians was native of the region; and the 
same statement is true for that other 
great center of development of early 
civilizations in southwestern Asia, the 
great Mesopotamian valley. Agricul- 
ture must have been a highly developed 
art somewhere in southeastern Asia, out- 
side of the great valleys, long before 
man could adapt his agricultural knowl- 
edge to the different conditions existing 
in the great valleys of the Tigris, the 
Euphrates and the Nile. The ‘‘children 
of the sun,’’ the hypothetical highly 
cultured pioneers of civilization of cer- 
tain diffusionists in the Nile Valley, who 
there developed their civilization and 
thence extended it to the ends of the 
earth, are of interest merely in the sense 
of highly imaginative fiction. They have 
no more definite claim for acceptance 
than do the progeny of other imagina- 
tive minds that postulate an ancient 
Atlantis or an ancient Mu as the place of 
origin of ancient high cultures from 
which the civilizations of both Eurasia 
and America were derived. 

The supporters of a hypothetical 
ancient Atlantis and the equally ardent 


but fewer supporters of the even more 
nebulous Mu should be mentioned in 
passing. The one postulates an ancient 
continent or island group long since sunk 
beneath the sea in what is now the At- 
lantic Ocean, and the other places 
ancient Mu in the Pacific basin. The 
supporters of both Atlantis and Mu ex- 
plain all resemblances and pseudo-re- 
semblances between the civilizations of 
the New World and that of the Old, 
whether in architecture, sculpture, art, 
or hieroglyphies, or in civil, ecclesiastical, 
or political organization, on the assump- 
tion of ancient contacts across these lost 
lands. They attribute, with no tangible 
evidence, a high order of civilization to 
the hypothetical peoples of these equally 
hypothetical areas. The extremists vis- 
ualize the Atlanteans as the parent- 
colonizers of both the Mediterranean and 
Caribbean shores. That there are no 
indications of philological relationships 
between the languages of the peoples of 
these widely separated regions does not 
deter them in the least, and the simple 
biological fact that there were in pre- 
Columbian times no cultivated plants 
nor domesticated animals common to the 
two regions is not mentioned. The theory 
that Atlantis existed, and that its in- 
habitants were highly civilized, would 
entail a highly developed agriculture; 
but it would be a strange and utterly un- 
explainable phenomenon that this as- 
sumed parent-colonizing people to the 
two hemispheres transmitted to their sup- 
posed descendants in Europe and Amer- 
ica not a single cultivated plant nor a 
single domesticated animal in common; 
just as strange and inexplicable as an as- 
sumption that this ancient highly civi- 
lized people had developed no agricul- 
ture. 

Ogilby’s conclusions regarding the 
non-existence of Atlantis as stated in his 
quaint language of 1670 are entirely 
logical, but have had little effect on the 
numerous imaginative writers who have 
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argued in favor of Atlantis; they in gen- 
eral cite only those factors that support 
a pre-conceived hypothesis, ignoring all 
items that would cast doubt on the valid- 
ity of their claims. He states: 


Here it will not seem amiss... to engage 
and search with some scrutiny concerning this 
America; First, whether at any time *twas known 
by the Ancients? And next, by what People, and 
when first Inhabited? About the former, the 
Learned of these later times Jangle amongst 
themselves, for some of them will needs ascribe 
so much Honor to Antiquity, declining the 
Worthy Praise of those that made so wonderful 
a Discovery, as if they of old, and many Ages 
before, had done the same, or at least, that this 
New-World to them was not unknown, main- 
taining this their bold Assertion from the 
Authority of what they find, both in Ancient 
Greek, and Latin Authors: First, especially in 
the Learned Plato, who, as you know at large, 
describes a New Atlantis, lying beyond the 
Straights of Gibraltar; whose Coast is sur- 
rounded with two vast Seas that are sow’d 
thick with scatter’d Islands. By these Seas 
they understand the Atlantick and Southern- 
Sea, by the many Isles, Cuba, Hispaniola, Ja- 
maica, California, and others, which lie sprinkled 
along the coast of America. But it cannot be 
made out, that Plato describes ought but a 
Fancy, his own Idea, not a Countrey that ever 
was, is, or shall be, though he sets it forth so 
Accurately, and with such Judgment, as if he 
had taken a Survey of the place, and found 
such a Land indeed. 


He therefore dismisses the Atlantis 
theory and then proceeds to discuss the 
ideas advocated by earlier authors ap- 
pertaining to assumed Phoenician, Car- 
thaginian, Greek, Latin, Hebrew, Welsh 
and Chinese contacts with America in 
ancient times. He shows conclusively 
that on the basis of philology, customs 
and other factors such theories are un- 
tenable, as being largely imaginary, with 
no tangible evidence to support them. 
He reaches the logical conclusion that 
America was originally peopled from 
northeastern Asia. 

It is a manifest act that all cultivated 
plants and all domesticated animals were 
derived, at some period in the history of 
the human race, from feral forms. It is 
a striking but incontrovertible fact that 


437 


every basic cultivated food plant and 
every important domesticated animal, 
and practically all the secondary ones in 
both categories, were already domesti- 
cated somewhere in the world, at the 
dawn of recorded history. This merely 
means that these plants and animals 
were selected and domesticated by primi- 
tive man many centuries before he devel- 
oped to the point of recording his activ- 
ities. 

While modern man has vastly im- 
proved both his cultivated plants and his 
domesticated animals and has evolved 
numerous new forms by selection and 
hybridization, he has not added a single 
item to the long list of basic species 
selected by his prehistoric ancestors, and 
but very few to the list of secondary 
species. Those plants that have been 
domesticated in the past hundred years 
or so are chiefly those yielding commer- 
cial products other than food, such as 
ceara or para rubber, cinchona and 
abaca, numerous ornamentals, and if food 
plants, then those of very secondary im- 
portance, such as the strawberry, blue- 
berry, Concord and Catawba 
We may speculate as to whether or 
not it may be possible to develop 
important food sources from plants as 
yet never brought under cultivation, and 
while it may be admitted that such a 
development is possible, at the same time 
the probabilities are that the selections 
made in the dim past of man’s history 
can not be improved upon. 

Plants domesticated by primitive man 
naturally must have been developed in 
cultivation in the regions where they 
originally occurred as feral species. And 
it is well to emphasize, what all biologists 
know, that the vast majority of species 
of both plants and animals are of dis- 
tinctly restricted natural distribution. 
In nature we find very few cases of uni- 
versally distributed species, that is, those 
occurring naturally in both hemispheres 
and in both tropical and temperate 


grapes. 
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regions. The cultivated plants and the 
weeds of cultivation form the bulk of 
these, and they are all man-distributed. 

As conditions became more settled and 
as certain species of plants and animals 
were proved in domestication, both the 
plants and animals, and the art of car- 
ing for them, or agriculture, were trans- 
mitted from those who developed the art 
to their immediate neighbors. Thus 
gradually the art of agriculture spread 
from one people to another, enabling the 
recipients in turn to become more or less 
independent of the natural food supply 
and in turn to develop their own civili- 
zations. In North America, for example, 
cultivated plants originating far to the 
south in Mexico, such as maize, field and 
garden beans, pumpkin, squash, sweet 
potato, tobacco and others, were found 
by the early European explorers to be 
more or less universally cultivated by the 
American Indians through the northern 
United States and in southern Canada. 
The plants selected and domesticated by 
the pioneers of American civilizations 
in Mexico, and the art of caring for them, 
had, long before the time of Columbus, 
been transmitted from one primitive 
group to another until they had reached 
the limits of possible cultivation north- 
ward. In spite of the very greatly de- 
veloped modern agriculture in what is 
now the United States and Canada, prac- 
tically not a single species of the many 
scores in cultivation is native to these 
regions, all having been introduced 
either in prehistoric or within historic 
times. 

What was true of the early dissemina- 
tion of selected cultivated plants and 
domesticated animals in America was 
also true in Eurasia. Basic cereals orig- 
inating in Asia Minor or in Central 
Asia, such as wheat, barley, rye, oats, 
and less important ones, such as millet, 
Italian millet and sorghum, as well as 
other cultivated food plants, were spread . 
over much of Europe, Asia and Africa 
long antedating recorded history. 
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Throughout the long prehistoric per- 
iod of dissemination of cultivated plants 
and domesticated animals, and within 
the historic period up to the close of the 
fifteenth century, one is impressed by 
the fact that with one exception the 
selected plants and animals domesticated 
by early man, whether in Eurasia or in 
America, did not transcend the limits 
of the eastern or the western hemis- 
pheres. 

The number of described species of 
plants is probably in excess of 250,000. 
Most of these are of no particular 
economic value. The number of culti- 
vated agricultural plants, even including 
strictly forage plants, is relatively small, 
a few hundred at most, while what might 
be called the food plants basic to civili- 
zation are limited to a few score. 

A brief consideration of the strictly 
American species of cultivated plants 
will give us some graphic idea of the im- 
portant contributions of early man in 
America to modern agriculture. It 
should be kept in mind that in the fol- 
lowing long and rather impressive list 
not a single species was known in Europe 
or in Asia until the close of the fifteenth 
century. America produced but one 
cereal, but that one the most important 
maize or Indian corn. Other important 
food plants were the potato, sweet 
potato, cassava, all varieties of field and 
garden beans, as well as the lima, scarlet 
runner, tepari and yam beans, tomato, 
pepper, sunflower, Jerusalem artichoke, 
squash, pumpkin, arrowroot, peanut, 
chayote, papaya, avocado, pineapple, cus- 
tard apple, soursop, cherimoya, guava, 
cacao, cashew, sapote, white sapote, sapo- 
dilla, star apple and mamei. These are 
now widely cultivated in appropriate 
regions in both hemispheres, some being 
strictly tropical, others also extensively 
planted in temperate regions. Particu- 
larly in South America, a number of other 
native species were and are still grown for 
food, but which have not become of im- 
portance in other regions. They include 
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the ulluco (Ullucus), oca (Ozalis), anyu 
(Tropaeolum), yautia (Xanthosoma), 
llacou (Polymnia), arracacha (Arra- 
cacia), achira (Canna), jataco (Ama- 
ranthus) and quinoa (Chenopodium). In 
Peru alone it is estimated that about 70 
native species had been domesticated in 
pre-Columbian times, although some of 
these were not food plants, including 
cotton, tobacco and various ornamental 
and medicinal species. Yet there is 
much evidence that leads one to believe 
that Mexico and Central America are 
more important as an original source of 
food plants than are the South Amer- 
ican centers. 

American contributions to domesti- 
cated animals were comparatively few, 
the llama, alpaca, muscovy duck and 
guinea pig in South America, and in 
Mexico the turkey, exhausting the list. 

Eurasia, particularly Asia as con- 
trasted with America, yielded a very much 
larger number of cultivated food plants 
and domesticated animals. Among the 
latter may be mentioned cattle, the 


horse, sheep, goat, swine, water buffalo, 
yak, camel, goose, duck, hen, guinea hen 


and pigeon. With the exception of 
maize all the true cereals are of Eurasian 
origin, including wheat, barley, rye, oats, 
millet, Italian millet, pearl millet, 
sorghum, rice, teff, ragi and coix, while 
for convenience buckwheat may be 
placed here, although it is not a true 
cereal. Among the vegetables are the 
turnip, cabbage, rutabaga, rape, chard, 
mustard, radish, beet, parsnip, carrot, 
onion, leek, garlic, shallot, spinach, egg- 
plant, lettuce, endive, salsify, celery, 
asparagus, globe artichoke, pea, soy- 
bean, cow-pea, chick-pea, pigeon-pea, 
lentil, broad, hyacinth and asparagus 
beans, taro, yam, sugar cane, sesamum 
and various others. Among the fruits 
the apple, pear, plum, cherry, wine 
grape, apricot, peach, prune, olive, fig, 
almond, persimmon, quince, pomegran- 
ate, jujube, melon, watermelon, cucum- 
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ber, and in the warmer regions the 
banana, coconut, orange, lemon, pomelo, 
lime, date, mango, breadfruit, jak 
fruit, rambutan, litchi, longan, mangos- 
teen and various others. Practically all 
the cultivated forage crops, including 
the hay grasses, clovers and alfalfa, are 
also of Eurasian origin. 

In modern times, with steadily im- 
proving intercommunication between 
various parts of the world, man has be- 
come the most important single factor 
in the actual dissemination of plants. 
It can not, however, be too greatly over- 
emphasized that it was not until after the 
discovery of America in 1492 and the 
succeeding period of European colonial 
expansion that there was any important 
distribution of cultivated plants as be- 
tween Eurasia and America and vice 
versa. This fact has a very striking 
bearing on certain persistent claims that 
are made over and over again regarding 
the origins of pre-Columbian civiliza- 
tions in America, and may be accepted as 
reasonably good evidence that no ancient 
contacts between the two continents 
existed. The early dissemination of culti- 
vated plants within the limits of the 
eastern or of the western hemisphere is in 
itself an excellent illustration of dif- 
fusion, but a diffusion limited by bar- 
riers in the form of broad seas that early 
civilized man could not pass. Pioneer ad- 
vanced civilizations, whether in Eurasia 
or in America, failed to keep pace with 
the spread of early agriculture even with- 
in the limits of the one hemisphere or the 
other. The botanical, zoological and 
agricultural evidence is wholly in sup- 
port of the idea that pre-Columbian 
civilizations in America were autoch- 
thonous, gradually developed here over 
a period of many centuries, quite as 
parallel early civilizations were devel- 
oped in Eurasia, the one having no influ- 
ence on the other until after the period 
of European expansion following the 
Middle Ages. 








CULTURE AS A DETERMINANT OF BEHAVIOR 


By Dr. BRONISLAW MALINOWSKI 
PROFESSOR OF ANTHROPOLOGY, UNIVERSITY OF LONDON 


‘‘Culture as a determinant of human 
behavior.’’ I read this title as an in- 
junction to prove that there exists a sci- 
ence of human behavior, which is the sci- 
ence of culture. Culture, in fact, is noth- 
ing but the organized behavior of man. 
Man differs from the animals in that he 
has to rely on an artificially fashioned 
environment: on implements, weapons, 
dwellings and man-made means of trans- 
port. To produce and to manage this 
body of artifacts and commodities, he re- 
quires knowledge and technique. He de- 
pends on the help of his fellow beings. 
This means that he has to live in organ- 
ized, well-ordered communities. Of all 
the animals he alone merits the tripartite 
title of homo faber, zoon politikon, homo 
sapiens. 


All this artificial equipment of man, 
material, spiritual and social, we call 


technically culture. It is a large-scale 
moulding matrix; a gigantic condition- 
ing apparatus. In each generation it 
produces its type of individual. In each 
generation it is in turn reshaped by its 
carriers. 

Is this big entity itself subject to laws 
of a scientific character? I for one have 
no hesitation in answering this question 
in the affirmative. Culture is a determi- 
nant of human behavior, and culture as 
a dynamic reality is also subject to deter- 
minism. There exist scientific laws of 
culture. 

The possibility of a really scientific ap- 
proach to humanism and anthropology is 
still contested. It is not superfluous, 
therefore, to reaffirm the existence of 
determinism in the study of human cul- 
ture. < 

In my opinion the principal ailment of 


all humanism is the disjunction of em- 
pirical approach from theory, of methods 
of observation from speculative doctrine. 
It will be best, therefore, first to turn to 
the testimony of cultural fact itself. It 
is easiest to grasp the essence of a phe- 
nomenon in contemplating its manifesta- 
tions through a wide range of variation. 
Let us then make a rapid flight over the 
glupe and obtain bird’s-eye views of some 
highly divergent types of human culture. 

Let us descend first on the arid and 
dusty steppes of Central East Africa, in- 
habited by the Masai, the famous, fierce 
warriors of the region. On approaching 
the native encampment we are met by a 
group of men, tall, dignified, armed with 
iron spears and daggers. Their women, 
svelte and elegant, startle the new-comer 
with the glitter and rattle of the wrought- 
iron ornaments encircling their necks, 
wrists and ankles. Both sexes still wear 
the native robes of soft goat- or sheep- 
skin. Not a shred of calico, no European 
trinkets mars the archaic vision of men 
and women of Africa as they lead us into 
the ring of low, brown huts, made of 
thatch, plastered with cow dung and en- 
closed with a stout fence of prickly 
shrub. 

Conservative in his material culture, 
the Masai still clings also to his old tribal 
ways. He still remains at heart a gentle- 
man robber, herdsman, cattle-lifter and 
warrior. When, after years of drought, 
starvation threatens them among their 
pestilence-stricken herds, how can they 
help using force in which they have been 
trained through generations, against 
their fat and flabby neighbors grown 
weak in their wealth and security? 
Their whole social organization—age- 
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grades and military drill, mutilations 
and tests of endurance—are tuned up to 
the development of war-like virtues. 
The Masai warrior, that is, every man 
between puberty and marriage, lives in 
a special camp, devoting all his time to 
the aristocratic arts of doing nothing and 
preparing for war. He is governed by a 
democratic régime in which an elected 
captain administers law and leads the 
men into battle. 

Agriculture they despise, vegetables 
being food fit only for women. As a 
Masai warrior put it to me in a con- 
vincing argument: ‘‘The Earth is our 
Mother. She gives us all the milk we 
need, and feeds our cattle. It is wrong 
to eut or scratch her body,’’ a confirma- 
tion of the psycho-analysist’s conception 
of Mother Earth, by one who had not 
studied the works of Professor Freud 
yet! 

As to sex morals, they leave entire 
freedom to immature girls, who consort 
with the warriors in their camp. At 


puberty every woman has to undergo a 
drastic operation, clitoridectomy, which 
constitutes their marriage rite. 

The whole tribe owe allegiance to the 
Ol’loibon, the hereditary rain magician 


and prophet. He controls them through 
his gift of divination and his power of 
producing magical fertility of land and 
women. 

How can we press this strange, exotic 
material, as rich and varied and elusive 
as life itself, into a scientific scheme? 
The temptation to stop at artistic im- 
pressionism is great. We might well feel 
that it would be best to paint the war- 
like Masai in exaggerated colors in order 
to bring out the martial, boisterous, 
licentious ‘‘genius’’ of this culture. 

Indeed this type of procedure is the 
latest fashion in anthropology. Since, 
however, we are in search of a scientific, 
that is, deterministic approach, let us in- 
quire into what are the main interests of 
the natives, the pivotal points of their 
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tribal life. We see at once that their in- 
terests center around food, sex, defense 
and aggression. Divination and proph- 
ecy, and their political influence, are re- 
lated to their military adventures and 
the vicissitudes of climate. The age- 
grades are an occupational organization 
correlated with their military life; they 
form an educational system in which 
tribal knowledge is imparted, discipline 
and endurance inculcated. 

Thus culture, as we find it among the 
Masai, is an apparatus for the satisfac- 
tion of the elementary needs of the hu- 
man organism. But under conditions of 
culture these needs are satisfied by 
round-about methods. The Masai can 
not turn to nature directly in order to 
nourish himself. In the long develop- 
ment of his tribal culture, the institution 
of pastoralism has come into being. The 
tending, breeding, exchange and owner- 
ship of cattle, incidentally also the need 
of its defense and protection, impose de- 
rived or secondary imperatives on the 
life of the Masai. The cattle kraal, mili- 
tary camps, seasonal migrations and fer- 
tility magic are the outcome and corre- 
lates of pastoralism. 

The continuity of the race equally does 
not work by physiological determination 
alone. Sexual appetite and personal at- 
traction, the urge to mate and the desire 
for children are reformulated culturally. 
Each phase of the biological process— 
maturation, puberty, courtship, marriage 
and parenthood—is correlated with the 
mode of life and the arrangements of 
domesticity and bachelors’ camp; and 
the whole is safeguarded by the military 
organization. The vast phenomenon of 
kinship, including the family, marriage, 
clanship and the laws of descent, is the 
cultural counterpart of the physiological 
process of reproduction. 

Let us see what the conditions are in a 
neighboring tribe. Not far from the 
Masai steppes, on the slopes of the Kili- 
manjaro, the highest mountain in Africa, 
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live the Chagga, an agricultural, seden- 
tary people. The Chagga, though he 
also keeps and appreciates cattle, is 
mainly a tiller of the soil. Yams and 
pumpkins, peas and millet thrive well on 
the fertile green fields of the Kilimanjaro. 
The staple food, however, is the banana. 
As the Masai culture has been labelled 
‘‘eattle-complex,’’ so the Chagga culture 
could certainly be defined as a banana 
obsession. The Chagga lives on bananas; 
he lives among bananas—every home- 
stead must be surrounded by its banana 
grove—and when he is dead he is buried 
amid bananas. 

In contrast to the nomadic Masai, the 
Chagga have a highly developed body of 
land laws. Their large-scale system of 
irrigation is a feat of engineering un- 
paralleled anywhere in native Africa 
south of the Sahara. Again, unlike the 
democratic Masai, the Chagga have a 
well-developed chieftainship. In each 
district the chief is the supreme judge, 
the source of law, the military leader and 
the high priest of tribal ancestor-worship. 
The centralized power of the Chagga, 
however, is not based on aggressive mili- 
tarism. They have a highly developed 
system of defense, with extensive, well- 
guarded earthworks along the frontiers 
and enormous subterranean chambers 
where men, women and cattle were able 
to take refuge during a Masai raid. 

The Chagga differ from their neigh- 
bors, the Masai: they practice agricul- 
ture; live in fixed settlements; have a 
developed system of land tenure; and 
their religion consists mainly in ancestor- 
worship. They also resemble the Masai 
in that they practice female ‘circum- 
cision; they have developed age-grades, 
and they believe in magic by divination. 
What is the best way of establishing a 
common measure for the scientific com- 
parison of differences and also of simi- 
larities ? 

Clearly, again, we must compare their 
institutions, that is, the organized sys- 
tems of activities, each correlated with a 


fundamental need. In both tribes we 
find that to nutrition there corresponds 
the economic system; dominated among 
the Chagga by agriculture, among the 
Masai by cattle-breeding. In both eul- 
tures we should have to analyze the eco- 
nomic system by means of such univer- 
sally valid concepts as the organization 
of production, the methods of distribu- 
tion and the manner in which consump- 
tion integrates certain groups of people. 
Among both we would have to consider 
the physiological processes of reproduc- 
tion as it is organized into the domestic 
institutions. The physiological growth 
of the individual is in both cases insti- 
tutionalized into the system of age- 
grades. Political organization comes 
into being in the satisfaction of the need 
for safety, in the case of the Chagga; 
in the case of the Masai the military or- 
ganization and the political system are 
the outcome of a periodic need for preda- 
tory economics. In both tribes there are, 
again, corresponding organizations for 
the maintenance of internal law and 
order. The political system, in its mili- 
tary and legal aspect alike, imposes its 
own discipline, morale, ideals and eco- 
nomic requirements. 

The transmission of the cultural heri- 
tage from one generation to another 
brings into being the two educational 
systems of the Chagga and Masai. In 
both tribes the earlier stages of training 
are bound up with domestic life; while 
later on the initiations into age-grades 
carries on the education in tribal custom 
and morality. 

From the comparison of the two cul- 
tures we reach one of our pivotal gen- 
eralizations. Every culture must be ana- 
lyzed into the following aspects: eco- 
nomics, politics, the mechanism of law 
and custom, education, magic and re- 
ligion, recreation, traditional knowledge, 
technology and art. And all human cul- 
tures can be compared under the head- 
ings of this scheme. 

Far from the chaotic, indeterministic 
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defeatism which overwhelms the ama- 
teur, and apparently even some profes- 
sional anthropologists, this approach 
gives us a solid scientific foundation. 

Incidentally, we also arrive at another 
conclusion. Anthropology, the science 
of culture, must study the same subjects 
as those which confront the student of 
contemporary civilization or of any other 
period in human history. It must ap- 
proach primitive culture from the angle 
of politics and economics, theory of re- 
ligion and jurisprudence. And here an- 
thropology may claim a special position 
among the other sciences of human so- 
ciety and culture. 

Its range is the widest; it relies en- 
tirely on direct observation, for its 
sources are in the student’s own field. 
It is perhaps the only social science 
which can easily remain detached from 
political bias, nationalist prejudice, sen- 
timent or doctrinaire zeal. If this social 


science fails to develop an entirely dis- 
passionate study of its material, there is 


not much hope for the other branches of 
humanism. Hence, in vindicating the 
scientific character of anthropology we 
are working at the very foundations of 
social science. Anthropology has the 
privilege and the duty of acting as an 
organizing agency in the comparative 
study of cultures. 

In order to appreciate the influence of 
environment upon culture, let us leave 
tropical Africa and move into the desert 
of snow, ice and rock inhabited by the 
Esquimaux. Their winter house, made 
of stone or of snow, has been described 
as a marvel of engineering, a perfect 
adaptation to climate and to the avail- 
able material. It certainly is an example 
of thorough-going correlation between a 
material object and the necessities of life. 
Combining warmth, space and ventila- 
tion, it provides during the long winter 
night comfortable places in which to lie 
and listen to the long tales of folk-lore, 
or carry on technical activities. The 
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technological excellence of these natives 
is also shown in the construction of their 
sledges and their weapons, of their 
canoes and of their traps. 

In comparison with this, some aspects 
of their culture seem under-developed. 
The Esquimaux have been described as 
devoid of any political system or of legal 
institutions. They have been often ac- 
cused of extreme pacifism in that they do 
not slaughter each other in organized 
fighting. Yet this is perhaps not quite 
correct. For though they have no polit- 
ical chieftainship, they recognize the 
authority of the shaman. He also acts 
in a roundabout way as an important 
juridical agency. They have their code 
of law consisting of many taboos, the 
breach of which brings down evil not 
only on the wrong-doer but on the whole 
community. Tribal calamity can be 
averted only by public confession. 
After that the shaman can magically 
reestablish tribal prosperity. Thus, as 
the Masai have anticipated psycho- 
analysis, so the Esquimaux are the fore- 
runners of the Oxford group movement. 

On the other hand, towards sex they 
have the same attitude as the Masai. 
They have also a somewhat similar type 
of political system, always with the ex- 
ception that the one is extremely war- 
like, and the other has never heard of 
fighting. 

Our approach to a scientific study of 
culture, through the various aspects 
which correspond to the fundamental 
and derived needs of man, does not 
break down even here: when we apply 
it to such a one-sided, in many ways 
stunted, and in other ways hypertro- 
phied, culture as that of the Esqui- 
maux. For the Esquimaux eat and re- 
produce, maintain themselves secure 
against weather and animals, have de- 
veloped means of movement in space, 
and they also regulate the bodily de- 
velopment of the individual. Their cul- 
ture consists, like all others, of the 
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cardinal aspects—economics, education, 
law, politics, magic and religion, knowl- 
edge, crafts, art and also recreation. 

What about war? Some divisions of 
the Esquimaux have a minimum of 
military organization. Others are com- 
pletely ignorant of fighting. Since the 
polar and central Esquimaux have no 
neighbors, nor yet any cause for internal 
quarrels and dissensions, they can not 
have military institutions. This fact 
confirms our conception of the instru- 
mental nature of organized activities. 
Where, as in their westernmost offshoots, 
the Esquimaux are in contact with war- 
like Indian tribes, they have developed 
the organization, the virtues and the 
apparatus of war. 

In the study of war, as of any other 
aspect of culture, the strict application 
of scientific determinism is necessary. 
This is achieved by clear definitions, 
empirical concepts and inductive gen- 
eralization. All the wrangles as to the 
innate pacifism or aggressiveness of 


primitive man are based on the use of 


words without definition. To label all 
brawling, squabbling, dealing out of 
black eye or broken jaw, war, as is fre- 
quently done, leads simply to confusion. 
One author tells us then that primitive 
man is a natural pacifist. Another has 
recently described war as indispensable 
for the survival of the fittest. Yet an- 
other maintains that war is the main 
creative, beneficent and constructive fac- 
tor in the history of mankind. But war 
ean only be defined as the use of organ- 
ized force between two politically inde- 
pendent units, in the pursuit of a tribal 
policy. War in this sense enters fairly 
late into the development of human 
societies. 

Only with the formation of indepen- 
dent, political units, where military 
force is maintained as a means of tribal 
policy, does war contribute through the 
historical fact of conquest to the build- 
ing up of cultures and the establishment 


of states. In my opinion, we have just 
left this stage of human history behind, 
and modern warfare has become nothing 
but an unmitigated disease of civiliza- 
tion. 

I have made this briei digression on 
warfare because it illustrates one side of 
the scientific or functional method in 
cultural analysis. This method is often 
accused of over-emphasizing the perfect 
integration of all factors within the 
working whole of culture. This is a mis- 
apprehension. The functional method 
only insists on the fact that all the ele- 
ments of culture are related to each 
other; they are not idle survivals or dis- 
connected traits; they function, that is, 
they are at work. It does not pronounce 
any appreciation or moral comment as 
to whether this work is good or evil, well 
or badly adjusted. As in the case of 
some primitive types of warfare, and 
certainly of its most recent develop- 
ments, the instrumental analysis of ecul- 
ture reveals more cogently than dissec- 
tion into traits the occurrence of catas- 
trophic maladjustments of human so- 
ciety. 

To make clear the necessity of an 
organic and integral treatment of human 
life let us consider another example. 
Let us concentrate for a moment on an 
important object—the object of objects, 
in a way, the material embodiment of 
the premier institution of mankind, the 
family. We shall choose our example 
from yet another ethnographic area and 
contemplate a pile dwelling in Melanesia. 

In sharp contrast to the arid steppes of 
Central Africa and the Arctic desert of 
snow, we are surrounded here by a 
wilderness of water, coral reef and 
swamp. The main symptom of man’s 
adaptation to his surroundings is a re- 
markable achievement of primitive ar- 
chitecture, the house on piles. It stands 
firmly on its foundations of stout tree- 
trunks driven deep into the muddy bot- 
tom of the lagoon. Constructed of 
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strong material cunningly fitted and 
lashed together, it resists the combined 
attacks of wind, waves and weather. 

To the lagoon dweller such a house is 
a fortress where he can take refuge and 
which he ean defend. It is a watch-tower 
from which he can see the approach of 
suspicious strangers. It is also conve- 
niently near to the coast, which he fre- 
quently has to visit in order to tend his 
gardens. The structure of the house is 
thus determined by the inter-tribal rela- 
tions of the people, their economic pur- 
suits, by climate and environment. 

It can thus be studied only within its 
natural setting. But after man has in- 
vented, constructed and improved his 
dwelling, and made it into a fortress, an 
economie asset and a comfortable home, 
the house then dominates his whole mode 
of life. The outer shell of his domes- 
ticity influences the social structure of 
family and kinship. 

Since in my opinion anthropology 
should begin at home, let me give you 
an anthropological impression of modern 
eulture and recount a personal experi- 
ence in which I very poignantly became 
aware of the power of things over man. 

No experience in my exotic wander- 
ings among the Trobrianders and the 
Chagga, among the Masai and the Pueblo, 
has ever matched the shock I received 
in my first contact with American civili- 
zation, on my first visit to New York, 
when I arrived there ten years ago on a 
fine spring evening and saw the city in 
its strangeness and exotic beauty. The 
enormous yet elegant monsters blinking 
at me through their thousand starry eyes, 
breathing white steam, giants which 
crowded in phantastic clusters over the 
smooth waters of the river, stood before 
me—the living, dominating realities of 
this new culture. During my first few 
days in New York, I could not shake off 
the feeling that the strange ‘‘genius’’ 
of this most modern civilization had be- 
come incarnate in the skyscraper, the 
subway and the ferry boat. Large in- 
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sects in the shape of automobiles crept 
along the gutter called street or avenue, 
subordinate but important. Finally, as 
a fairly insignificant and secondary by- 
product of the enormous mechanical 
reality there appeared the microscopic 
bacteria, called man, sneaking in and out 
of subway, skyscraper or automobile, per- 
forming some useful service to their mas- 
ters, but otherwise rather insignificant. 
Modern civilization is a gigantic hyper- 
trophy of material objects, and con- 
temporary man will still have to fight 
his battle in order to reassert his domi- 
nance over the thing. 

But what interests us at present is to 
find the existence of a common measure 
between the residential part of the sky- 
scraper and snow-house, pile-dwelling 
and cow-dung hut. 

In the material used, in structure, in 
architecture, in all, that is, which we can 
call the form of the object, there is hardly 
one trait in common. But look at the 
dwelling as a part of an institution. It 
appears at once that the principles on 
which each dwelling is integrated into 
organized human life and becomes the 
shell of this life are the same throughout 
humanity. In the pent-house on top of 
the skyscraper, in the snow-house, in the 
hovel of cow-dung, in the hut of thatch, 
we find the same domestic unit, the fam- 
ily, consisting of father, mother and 
children. 

Is the resemblance only superficial? 
No. Functionally it is not merely a re- 
semblance, but an identity. The group 
are united by the same task, the essential 
business of reproducing the race. A 
universal type of legal charter gives 
juridical validity to the group. The act 
of marriage bestows legitimacy on the 
children; grants the consorts mutual 
privileges and duties; it defines the do- 
mestic work of husband and wife; above 
all it imposes on them the duty of look- 
ing conjointly after the children. Hu- 
man parents, unlike animals, are not 
allowed merely to throw up fresh organ- 
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isms, but they have to introduce fully 
fledged citizens into the community. 

We have found throughout our survey 
that the food quest and other economic 
activities leave a deep imprint on the 
whole culture. This truism, however, 
must be supplemented by a somewhat 
fuller appreciation of the place of eco- 
nomics in primitive culture. Let us 
once more concentrate on a concrete 
ease, the system of agriculture of the 
Trobriand Islanders in Melanesia. Their 
whole tribal life is dominated by agri- 
culture. During the season of hard work, 
men and women practically live in the 
gardens. Then, while the plants sprout 
and grow, the women still have to do 
weeding. The men, on the other hand, 
devote themselves to other things, fishing 
and trapping, industries, canoe-building 
and trading expeditions. One man only, 
the garden magician, still remains hard 
at work. He has been in fact from the 


beginning an organizer of work; direct- 
ing the allotment of land, and, while 
ostensibly he was carrying on his rites, 


in reality he acted as tribal entrepreneur. 
Even when it comes to the harvest he 
still has to bless the crops and then per- 
form over the stored produce a type of 
magic which, by reducing the appetite of 
the people, makes food last longer. 

But agriculture as an economic activ- 
ity does not end with the harvest. The 
distribution of the products is an im- 
portant business which penetrates into 
all the aspects of tribal life. Tribute has 
to be given to the chief, and on this trib- 
ute his political power is largely based. 
A quota of food has to be put aside for 
tribal ceremonies and this finances 
largely their public and religious activi- 
ties. Finally, the third stage of the eco- 
nomic process, consumption, presents 
many interesting aspects in this tribe, 
as everywhere else. For consumption 
means not merely eating, but also hand- 
ling, display, ritual food offerings and, 
last but not least, sheer waste. P 

For in the Trobriands the passion for 
accumulated food is so great that people 
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prefer to keep their yams till they rot 
in the storehouses rather than to see the 
latter empty. 

We see then that agriculture must be 
studied within the context of the whole 
economic system. For the vegetables are 
exchanged for fish; they are used in the 
financing of enterprise and for feeding 
the craftsmen; for the capitalization of 
industries. This is especially interest- 
ing in the study of the large native 
jewelry, or more correctly tokens of 
wealth, which play a considerable part 
in the political system and which are 
also ceremonially exchanged in the course 
of large intertribal expeditions, which 
are practiced throughout this region. 
Could we apply the same detailed study 
to Masai or to Chagga economics, or 
those of the Esquimaux or Plains In- 
dians, we would see that they also must 
be considered under the three headings 
of production, distribution and con- 
sumption. 

The anthropologist is often asked by 
elderly ladies or young girls: ‘‘Is primi- 
tive man an individualist or communist? 
I want to know that, because I want to 
know whether human nature is com- 
munistie or not.’’ I could refer to one 
or two instances where a scholar of high 
repute has played into the hands of the 
lady questioner, old or young. As a 
matter of fact, the anthropologist can 
give an opinion, but only as to the work- 
ings of the institution of property and 
not as to that vague entity, human na- 
ture. Communism as public control of 
private property has always existed and 
must be present in every culture, simple 
and developed. Communism, as ab- 
sence of individual property, does not 
exist under primitive conditions. 

Take the prototype of all wealth, value 
and property; soil used for agriculture. 
Complete communism of land actually 
under cultivation is never found in any 
primitive society. Production is a proc- 
ess in which man invests labor and intel- 
ligent foresight, and at least as much of 
his wealth as is necessary for planting, 
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and for keeping himself alive while he 
works. No free human being will do it 
permanently without some legal guar- 
antee, safeguarding for him the results 
of his efforts. The guarantee given to 
each free individual that the results of 
his efforts will be his to use or to give, is 
tantamount to individual ownership. 
Where there are slaves, pawns or serfs, 
there may be a class of people who work 
without any claims to the fruits of their 
labor. But such communism turns men 
into slaves, serfs or pawns. May this not 
be true of all forms of communism ? 
Take again profit. We are often told 
that with the abolition of private profit 
all evils, such as war, sexual jealousy, 
poverty and even drunkenness, will dis- 
appear. To me the Marxian doctrine of 
profit entails a complete misconception 
of the relationship between the economic 
factor and other motives and drives in 
human society. The pocket is not the 


only channel by which wealth can be mal- 
distributed and abuses canalized. Van- 
ity, doctrinaire zeal, incompetence, per- 


sonal ambition cause as much havoc as 
does greed. The men who control pro- 
duetion—in Africa or Europe, in Mela- 
nesia or America—do not and can not 
fill their pockets or bellies with gold. 
Where they can and do harm is in mis- 
handling and misusing the production 
and distribution of wealth. In order to 
prevent that, public control by disinter- 
ested agencies is necessary. And here it 
is obviously better to have a system in 
which control of wealth, legislation and 
the executive use of power are not con- 
centrated in the same hands, but vested 
in separate agencies. The totalitarian 
state and the African autocracy are not 
models of sound economic systems. The 
real advance lies in the gradual piece- 
meal reform, involving all the parts of 
the economic and political organism. An 
integral revolution destroys, but it does 
not create. The concentration of all 
controls in the same hands means the 
abolition of all control. 

How can we link up religion, magic, 
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sorcery and divination as cultural phe- 
nomena with our whole system of inter- 
pretation in which we conceive of culture 
as the vast apparatus for the satisfaction 
of human needs? We have seen that the 
fundamental needs of the human organ- 
ism, those of food, reproduction, safety, 
freedom of movement, are satisfied under 
culture by ad hoc systems of organized 
activities. Culture thus establishes the 
quest for food and the industries, tech- 
nical constructiveness, courtship and 
marriage, kinship schemes and military 
organizations. 

We have seen how this cultural round- 
about way of indirect satisfaction im- 
poses secondary or derived needs. These 
are not innate drives of the organism 
but highly derived implications of man’s 
cultural response to innate urges. Thus 
economic desires, values, standards, legal 
inhibitions and the consciousness of one’s 
rights and privileges, social ambition and 
kinship sentiments, political prestige and 
submissiveness are essentially human 
characteristics. But they are imposed 
by the circumstances of human existence 
in organized communities and not by 
reflex or instinct or any factor of innate 
endowment. 

But this is not the end. The vast 
machinery of culture is maintained, 
regulated and preserved by the body of 
traditional lore. This is made possible 
by language, which allows man to formu- 
late general rules and condense them into 
concepts. Thus, to systems of action 
there correspond systems of thought. 
Action must be based on foresight and 
on the grip of the context. Man deals 
with nature and his fellow beings by 
constructive and imaginative handling 
of each situation. He has to lay down 
the results of past experience into sys- 
tems, fixed, standardized, yet withal 
plastic. These he hands over from gen- 
eration to generation. 

Systems of human knowledge exist 
even among the lowest primitives. They 
must have existed from the very begin- 
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ning of humanity. The wide-spread mis- 
conception that primitive man has no 
rudiments of science, that he lives in a 
hazy, mystical or infantile world have 
to be rejected in the light of our fuller 
knowledge of primitive cultures. 

But though knowledge is easily ac- 
counted for, what are the natural foun- 
dations of religion and magic? That 
which establishes man’s final superiority 
over the animals, his power of symbolic 
and constructive thought, imposes on 
him also great burdens. It reveals to 
him the fundamental uncertainty and 
limitation of his own existence. In order 
to think clearly man has to look back and 
remember; he has to look forward and 
foresee ; and that means he is subject to 
fear as well as to hope. Man, of all the 
animals, can not live in the present; he 
can not lead a hand-to-mouth existence 
from moment to moment. This must 
finally bring him to ponder on topics 
where emotions blend with cold reason 
and where the answer is dictated by emo- 
tions, though it is largely framed by 
reason. 

What is the ultimate destiny of man 
and of mankind? What is the meaning 
of life and the relations between man 
and the universe? Whence have we come 
and whither are we bound, and what is 
the sense of all man’s fears, sufferings 
and disappointments? Metaphysics and 
religious speculation are as old as knowl- 
edge and as old as language itself. At 
the beginning they are extremely simple 
and erude. Animism and beliefs in 
magical force, phantasies about sorcery, 
ghosts, vampires and totemism, that is, 
the belief in the spiritual affinity between 
man and nature, are the answers of 
primitive man to the fundamental riddles 
of life. Once we realize their real nature 
it is easy to perceive their great value. 
They are well adapted to the limited con- 
ditions in which primitives have to live, 
they contain the answer to the questions 
of whence and whither, and above all 
they supply man with ritual means of 
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getting in touch with spiritual forces, of 
establishing communion with ancestral 
spirits, totemic beings or divinities, and 
they allow man to secure his immortality, 
and thus to give sense to his life. 

Knowledge, magic and religion are the 
highest, the most derived imperatives of 
human culture. Indirectly and through 
several relays they also are the outcome 
of man’s organic needs. The craving for 
religion and for magical power, as well 
as scientific curiosity, are not instinctive. 
They are the outcome and the correlate 
of that intelligent adjustment of man to 
his environment which makes him the 
master thereof. Magic and, to a much 
higher degree, religion are the indis- 
pensable moral forces in every human 
culture. Grown out as they are of the 
necessity to remove internal conflict in 
the individual and to organize the com- 
munity, they become the essential factors 
of spiritual and social integration. They 
deal with problems which affect all mem- 
bers of the community alike. They lead 
to actions on which depends the welfare 
of one and all. Religion and, to a lesser 
extent, magic thus become the very foun- 
dations of culture. 

By now, I trust we all realize that 
there exist laws of cultural process, and 
that their discovery is the main task of 
scientific anthropology. 

Our plea for scientific anthropology, 
of course, is not tantamount to an indict- 
ment or exorcism of all the attractive 
and amusing speculations. Evolution- 
ary apercus, indeed, I regard as indis- 
pensable. Careful and sober diffusionist 
hypotheses seem to me quite profitable. 
To minimize or discard a really human 
interest in humanism would be a crime. 
To mix up or confuse the emotional or 
artistic approach with the scientific is a 
serious lack of judgment. The two ap- 
proaches must be used simultaneously: 
They have to complement each other. 
But science must furnish the foundation. 

The scientific theory of culture has also 
brought to light some really vital truths. 
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Is the recognition of the universal stabil- 
ity and permanence of the family and 
marriage of no interest in these days 
when domestic institutions seem to be 
threatened on every side? The anthro- 
pologist might almost add: ‘‘ As it was 
in the beginning, is now and ever shall 
be.’’ That Communism can not be a 
panacea for all our cultural troubles may 
also be an interesting appreciation. We 
have seen that Communism alone is never 
to be found in any culture, however 
primitive or complex. We have seen, 
also, why Communism as an economic 
system can not work except in conjunc- 
tion with slavery. On the other hand, 
pure individualism does not exist any- 
where either. So that some admixture 
of Communism, that is, public control, 
has always worked and worked well. 
But it can not work wonders or cure all 
evils. We have defined the réle of the 
supernatural as an integrating and or- 
ganizing force in society. One of the 
implications of our analysis was that the 
abuse of law and political power must 
always lead to cultural disaster. Science 
and virtue, efficiency and endurance, 
courage and chastity can never be dic- 
tated by edicts nor inflamed by oratory 
nor yet forced into existence by a system 
of police spies and police brutalities. To 
replace religion and morality by the 
secret service of a totalitarian state is a 
disease of culture. 

For we have fully acknowledged the 
existence of cultural maladjustment and 
even of lethal ailments of civilization. 
The very concepts of adaptation and 
function imply degrees and qualifica- 
tions, from excellence to decay. 

Our present civilization is undoubt- 
edly passing through a very severe, per- 
haps a critical, stage of maladjustment. 
The abuse of legal and administrative 
power; the inability to create lasting 
conditions of peace ; the recrudescence of 
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aggressive militarism and magical trick- 
ery ; the torpor of true religion and the 
assumption of a religious garb by doc- 
trines of racial or national superiority or 
the gospel of Marx—all this shows that, 
while we have become the masters of 
inanimate nature, we have connived at 
the complete enslavement of man by 
machine. 

The greatest need of to-day is to estab- 
lish a balance between the stupendous 
power of natural science and its applica- 
tions and the self-inflicted backwardness 
of social science and the consequent im- 
potence of social engineering. To repeat 
a truism just mentioned, we have allowed 
the machine to overpower man. One of 
the reasons of this is that we have learned 
to understand, hence to respect and to 
handle the mechanism. But we have 
failed to develop the really scientific 
spirit in humanism. 

To-day the freedom to exercise purely 
scientific determinism is threatened in 
many countries. This freedom is even 
more essential for social than for natural 
science. It is, therefore, our duty on this 
occasion to insist on the necessity for 
this freedom. We are assembled here to 
celebrate the Tercentenary of one of the 
greatest workshops of science and reason 
ever established by man. The founding 
of Harvard was an act of human be- 
havior not outside reason and determin- 
ism. It was determined by wise fore- 
sight, and its existence and work have 
been enduring factors in developing 
reason and determining rational be- 
havior. Harvard has always fostered 
that spirit of science which means free- 
dom in the search for truth, for the laws 
of nature and of human behavior. Let 
this spirit preside over the development 
of the comparative science of man and we 
may yet hope that the spirit of Harvard, 
that is, the spirit of science, will prevail 
in the conduct of human affairs. 








INTELLIGENCE AND THE GUIDANCE OF 
ECONOMIC EVOLUTION 


By Dr. WESLEY CLAIR MITCHELL 
PROFESSOR OF ECONOMICS, COLUMBIA UNIVERSITY 


In the confident days of its youth, 
political economy believed that it had 
solved the important and timely prob- 
lem put before this session. It was 
ready to dispense advice on public 
policies, and its admonitions concern- 
ing the duties of the state toward eco- 
nomic enterprise were especially clear 
and urgent. Current economics, the off- 
spring of this authoritative discipline, is 
a more cautious creature. When asked 
for practical advice it reveals an infe- 
riority complex; but in compensation it 
claims to have a stricter scientific con- 
science than troubled its philosophic 
forebear. Economic theory now seldom 
forgets that its conclusions rest upon 
assumptions expressly designed to sim- 
plify its problems sufficiently to make 
them amendable to analysis. When 
asked for advice it answers primly: 
‘That is not a proper request to make 
of a science. My task is merely to 
examine the functional relations among 
certain processes under a variety of care- 
fully specified conditions. What I have 
to say is the truth and nothing but the 
truth; it is not the whole truth. In 
practical affairs,’’ economics goes on, 
‘it is necessary to take account of many 
factors that I purposely exclude. You 
should indeed pay heed to my findings, 
they are highly important. But you 
should not expect me to tell you what to 
do in this messy world, so unlike the 
orderly realm I create for scientific 
ends. If some of my alleged representa- 
tives desire to dictate your policies, don’t 
suppose that they speak with my author- 
ity. Of course an economist is also a 
citizen, and like his fellows must reach- 
decisions on current issues of all sorts; 
but if he remembers what I have taught 
him he won’t try to pass off his notions 
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about policy as my deliverances. You 
do well to seek scientific understanding 
as a basis for action; but please note 
that I have several sister sciences of 
human behavior whose business it is to 
study the numerous factors that I pass 
over. You should consult the whole 
family, though I am sorry to say that 
my younger sisters are so immature that 
you can not expect much help from 
them.’’ On which ungracious note, eco- 
nomics resumes the irreproachable atti- 
tude it has learned to strike when asked 
to make itself useful. 

Needless to say, the planners of this 
Symposium on ‘‘ Authority and the Indi- 
vidual’’ would not express themselves 
in this wise. They have proposed col- 
laboration among the social sciences and 
humanities ‘‘with a view to breaking 
down traditionally specialized lines of 
approach to an important and timely 
problem and to make its solution the 
object of a common attack.’’ My whim- 
sical version of the methodological posi- 
tion of current economics indicates that 
its votaries are logically bound to accept 
this program. For us in particular 
collaboration should be a wholesome ex- 
perience, for it should correct our atti- 
tude toward the other social sciences and 
put us in our proper place. The 
“‘purer’’ we make economics the more 
generously must our findings be supple- 
mented before they can be relied upon 
as a trustworthy guide, and the keener 
should we be to work with men of other 
disciplines. 

But collaboration may take two 
courses. First, representatives of differ- 
ent disciplines may bring each his own 
contribution to the understanding of a 
problem in as perfect a form as his tech- 
nique makes possible, leaving to others 
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the responsibility of fitting together the 
several contributions. Conscientious spe- 
cialists who realize how likely they are 
to go wrong when they wander outside 
their familiar boundaries may well pre- 
fer this course. But who can vouch that 
the several contributions worked out by 
independent specialists will make a 
whole? And what group is ready to as- 
sume the difficult and responsible task of 
putting the results together so far as 
they will fit? If there is no such group 
at present, can one be formed? That is 
a question for the future and I shall come 
back to it later. But as matters now 
stand, can not the representatives of 
the social sciences and humanities col- 
laborate with one another in a more 
direct fashion? If we wish to break 
down our traditionally specialized lines 
of approach and join in a common attack 
upon social problems, must not each of 
us strive to effect some such change in 
his own thinking? This second mode of 
collaboration involves not merely follow- 
ing one another’s work but also making 
use of one another’s approaches to our 
own problems. It is a difficult course and 
beset by dangers; yet in so far as we can 
pursue it each of us can make his work 
as a specialist more interesting to him- 
self, more valuable to his colleagues in 
other sciences and more effective in a 
common attack upon the problems we 
hope to solve. 

Believing that we should construe in 
this sense the invitation of Harvard Uni- 
versity to collaborate with one another, 
I shall discuss the formidable topic as- 
signed to me, ‘‘ Intelligence and the Gui- 
dance of Economic Evolution,’’ not as a 
problem in pure economics but as realis- 
tically as I can, making use of what 
notions I possess about human behavior 
at large. Doubtless I shall make mis- 
takes that economic historians, psycholo- 
gists, sociologists or political scientists 
would avoid. And I know that some men 
of my own craft will think my whole pro- 
cedure ill-advised. But genuine efforts 
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at collaboration involve such risks, and 
each of us is justified in running them. 


I 


Let me start with the solution of the 
problem set before me that was given by 
Adam Smith in 1776. His ‘‘ Wealth of 
Nations’’ was devoted in large part to 
criticizing the mercantilist doctrine that 
it is the statesman’s duty to regulate the 
economic activities of private people as 
much as it is his duty to provide for 
the common defense. Adam Smith’s 
critique centered on the proposition that 
the wealth of a nation is the aggregate of 
the wealth of its citizens, and that each 
citizen in his local situation is a better 
judge of how to augment his wealth than 
a distant statesman can be. Restated in 
terms of my topic, this argument runs: 
Nations prosper more when they leave 
the guidance of their economic evolution 
to individuals than when governments 
attempt to guide. No distrust of intel- 
ligence as a guide is implied ; the conten- 
tion is that in the industrial army plan- 
ning by a central staff is worse than 
futile; the planning should be done by 
the private soldiers, individually or in 
such companies as they voluntarily form 
under captains who rise from the ranks. 
All that the staff need do for industry is 
to see that the privates and officers treat 
one another fairly, and to perform a few 
necessary tasks that no private or com- 
pany would find it profitable to under- 
take. 

Had this symposium been held on the 
hundredth anniversary of the ‘‘ Wealth 
of Nations,’’ I fancy that the economists 
invited to participate in it would have 
felt competent to treat this problem witb- 
out the collaboration of authorities in 
the other social sciences. And they 
would have endorsed Adam Smith’s solu- 
tion of the problem, some with more, 
perhaps some with less reservations than 
the Father of Political Economy had 
made. It is true that the last of the 
great classical trinity, John Stuart Mill, 
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had avowed himself a Socialist; but he 
built his temperate hopes for the better- 
ment of economic conditions, not upon a 
recrudescence of governmental plan- 
ning, but primarily upon the cumula- 
tive growth of producers’ cooperation. 
Gradually the employees of business 
enterprises would take over the functions 
of ownership and management; for 
workers expecting a share in the profits 
would be more industrious and more in- 
telligent than mere wage-earners, and 
so cooperative concerns would prevail in 
the competitive struggle for survival. 
Of course this speculation posits the 
continuance of what Adam Smith fondly 
called ‘‘the obvious and simple system 
of natural liberty.’’ Since the most re- 
spected Socialist of the time accepted the 
general principle of laissez-faire that 
doctrine seemed secure. 

But 1876 marks as well as any date 
we could select the culmination of faith 
in the guidance of economic evolution 
by individual intelligence. To-day the 
problem that Adam Smith thought he 
had solved is as timely as it was in 1776. 
I doubt whether any economist attend- 
ing the present symposium feels as com- 
petent as Adam Smith did to tell gov- 
ernments just how far they should carry 
their intervention in economic activities. 
For within the past one hundred and 
sixty years economists have made prog- 
ress toward grasping the complexities 
of social problems, if not toward agree- 
ment upon solutions. Numerous devel- 
opments have combined to change their 
attitude toward governmental regulation 
of economic enterprise, of which the 
most important has been the world’s ex- 
periences with different types of eco- 
nomic organization. 

Great Britain was far better prepared 
than Adam Smith realized to accept his 
teaching. Private enterprise, often in 
defiance of mercantilist regulations, had 
become a mass phenomenon before the 
‘“Wealth of Nations’’ was published. 
The new doctrine was a philosopher’s 


rationalization of practices engaged in by 
enterprising men because they were 
profitable. Negatively it eased the con- 
sciences of technical law-breakers by as- 
suring them that their actions promoted 
the public welfare; constructively it 
gave them a logical argument for de- 
manding the repeal of hampering regula- 
tions. Of course, beneficiaries of the old 
system were not deterred by any theo- 
rizing from striving to maintain their 
legal rights. But technical developments 
that Adam Smith could not foresee kept 
weakening the defenders of the old order, 
swelling the number and increasing the 
power of those who profited by laissez- 
faire. A growing volume of trade, 
domestic and foreign, stimulated men 
with initiative to try new forms of busi- 
ness organization, some of which proved 
highly efficient. The same factor created 
a lively interest in finding cheaper meth- 
ods of producing, processing and trans- 
porting materials in bulk. This alliance 
of mechanical invention and business 
enterprise proved irresistible. The 
classes that had vested interests in the 
old order could neither meet the com- 
mercial competition of their rivals who 
were introducing new methods nor make 
effective answer to Adam Smith’s logic. 
Statesmen of a speculative turn of mind 
readily accepted the ‘‘Wealth of Na- 
tions’’ as their guide in commercial 
policy; statesmen who waited for the 
teachings of experience followed more 
hesitantly but in increasing number; 
politicians who accepted the dominant 
opinion of the day slowly fell into line. 
Partly by allowing mercantilist statutes 
to become dead letters, partly by formal 
action, the country dropped the policy of 
mercantilist planning and deemed the 
results good on the whole. By the 1860’s 
or 70’s most Britons who thought about 
such matters believed that practical ex- 
perience had demonstrated the sound- 
ness of Adam Smith’s doctrine and that 
other countries would gradually learn 
the great lesson that theory and practice 
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combined to teach. A glowing vision was 
cherished by liberal spirits of freedom 
for all men in their economic, political 
and social relations, a vision of peace 
among the nations securely based upon 
recognition that peace is the best policy, 
a vision of cumulative progress in the 
conquest of nature assuring not merely 
a higher standard of comfort for all man- 
kind but also a nobler life. What Car- 
lyle had dubbed the ‘‘dismal science’’ 
appeared to many as the brightest hope 
of the race. 


II 


But decades before this stage was 
reached, certain emendations had proved 
necessary in ‘‘the obvious and simple sys- 
tem of natural liberty’’ as presented by 
Adam Smith. The horrible treatment of 
‘‘pauper apprentices’’ in some cotton 
mills and of climbing boys apprenticed 
to chimney sweeps early convinced the 
public that these unfortunate children 
were not able to judge or to defend their 
own interests. They seemed to need and 
they were granted the protection of the 
state. Later revelations of the exploita- 
tion of child workers at large, of young 
persons and also of women led to further 
protective legislation justified by the 
same argument. Only adult males were 
credited with knowing better than Par- 
liament what was good for them and with 
being able to look out for themselves. 
But even that amended proposition was 
challenged with success. Seamen would 
sail on overloaded ships, colliers would 
go down ill-ventilated mines, factory 
hands would take foolish risks with un- 
fenced machinery, men would expose 
themselves to occupational diseases. 
Indeed the new industry, imperfectly 
controlling the powerful natural forces 
it was putting to work, was full of 
hazards that men underrated, and gov- 
ernment felt constrained to exercise its 
superior intelligence for their benefit. It 
appeared also that many investors were 
quite incapable of judging where to place 
their capital safely, that consumers would 
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buy impure foods and drugs, that town 
dwellers endangered one another by their 
ignorance of sanitation. In short, the 
assumption that the individual is a better 
judge of his own interests than a distant 
statesman was found to be subject to 
many exceptions. These exceptions be- 
came more numerous and more impor- 
tant as social organization became more 
complex. Hence governmental interven- 
tion was gradually extended in many 
directions of which Adam Smith had not 
thought, but of which perhaps he would 
have approved could he have revisited 
Great Britain in 1876. 

Interwoven with the problems pre- 
sented by those who seemed not to know 
their own interests was a cognate prob- 
lem presented by persons who claimed 
that they could not protect interests of 
which they were painfully conscious. 
The argument for laissez-faire assumed 
that in pursuing his own interest every 
individual would be prevented from 


charging unduly high prices for his 
goods or services by the competition of 


rival sellers and also protected against 
having to accept unduly low prices by 
competition among buyers. This com- 
petitive régime promised to work out a 
rough sort of justice and also to stimu- 
late efficiency in serving the public. 
Business men who did not measure up to 
current standards would be reduced to 
the status of workmen, taking orders 
from abler captains of industry. Thus 
inefficiency would be penalized, merit 
rewarded and the country assured that 
its economic energies were directed by 
the ablest available leaders—the ablest 
because they were continually being sub- 
jected to the infallible test of ability to 
survive in a competitive struggle. It is 
no wonder that this view captivated 
many philosophic minds and suited suc- 
cessful men of affairs; nor is it any 
wonder that other classes were less satis- 
fied. Wage-earners in particular pro- 
tested that the conditions of the labor 
market did not assure them a fair price 
for their services. For in this market 
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the sellers were a crowd of individuals 
ill informed about current conditions 
and future prospects, unskilled in bar- 
gaining, forced by pressing need to 
underbid one another. On the other 
side of the market stood the employers, 
each one a combination in himself, able 
to merge into larger combinations when 
they saw fit, the best judges of commer- 
cial conditions, keen bargainers, able to 
wait. How valid was this distressful 
picture of the workingman’s plight in 
the early decades of the nineteenth cen- 
tury admitted of argument. The point 
that concerns us is that disciples of 
Adam Smith persuaded Parliaments that 
were moving toward laissez-faire to 
repeal the Anti-Combination Acts and to 
legalize trade unions. Some advocates 
of these measures believed that wage- 
earners would learn that combinations 
were expensive and futile, but they were 
bad prophets. Trade unions grew in 
strength after the fluctuating fashion of 
human institutions, and later Parlia- 
ments confirmed the policy of counte- 
nancing voluntary restriction of compe- 
tition among sellers in the labor market. 

Meanwhile cases were becoming promi- 
nent in which competition among 
business enterprises themselves seemed 
plainly detrimental to the public inter- 
est. The classic illustration was pro- 
vided by the gas industry. If two com- 
peting companies sought to serve the 
same town each would have to lay mains 
and provide connections. The total 
investment would be needlessly large. 
If both companies received the going 
rate of return upon their capital the con- 
sumers would be overcharged. If neither 
company made money, or if one suc- 
ceeded and the other failed, part of the 
country’s precious capital would be 
wasted. Thus what were often called 
‘‘natural monopolies’’ seemed to be ex- 
ceptions to the rule that prices would be 
kept reasonable by competition. They 
were also recognized as exceptions to the 
rule that government should let business 
alone. For the only way to protect the 
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customers of monopolies from extortion 
seemed to be governmental regulation of 
rates or governmental ownership. Brit- 
ish municipalities that were strongholds 
of laissez-faire became strongholds also 
of ‘‘municipal socialism,’’ while the cen- 
tral government experimented with vari- 
ous plans for controlling the railways 
and took the telegraph and telephone sys- 
tems into the post office. 

The continued progress of the indus- 
trial revolution and the concomitant de- 
velopment of large-scale business kept 
raising new problems of this type. Were 
all public utilities best treated as mo- 
nopolies and subjected to special con- 
trols? Should the production of elec- 
trical current, perhaps coal mining and 
even housing be added to the list of 
publie utilities? Was not the progress 
of engineering with its trend toward 
more elaborate and specialized machin- 
ery threatening to put many industries 
into a position where cut-throat competi- 
tion among independent corners would 
be almost as wasteful as competition be- 
tween two gas companies? And if busi- 
ness managers stopped short of cut- 
throat competition, how far short would 
they stop? Left to themselves, would 
they compete actively enough to protect 
consumers ? 

The theoretical difficulty underlying 
this practical danger had been pointed 
out by Adam Smith’s younger contempo- 
rary, the Earl of Lauderdale, who chal- 
lenged the assumption that the wealth 
of a nation is the aggregate of the wealth 
of its citizens. On the contrary, said 
Lauderdale, public wealth consists in 
an abundance of useful goods, while 
scarcity enhances the value of private 
property. The individual pursuing his 
own gain seeks to limit his output to 
the volume most profitable to himself, 
and that aim is antagonistic to the pub- 
lie’s interest in abundance. Where 
active competition prevails, the indi- 
vidual who seeks to increase his profits 
by limiting the supply will lose customers 
to his rivals; there the pursuit of self- 
interest leads every producer to sell as 
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much as he can so long as prices exceed 
his cost of production. But this ‘‘arti- 
ficial harmony of interests’’ established 
by competition is precarious. For the 
pursuit of self-interest gives every man 
a strong incentive to escape from the 
pressure of competition into the ampler 
freedom of monopoly ; that is, to destroy 
the one great safeguard of the public’s 
interest in abundance. Every class en- 
gages in this destructive practice so far 
as it can, and blames other classes that 
sueceed in so doing. Employers charge 
that labor unions limit the number of 
apprentices, working hours and output 
per man-hour; that they seek to limit 
employment to union members, and limit 
admission to their own ranks by high 
initiation fees. Business men are popu- 
larly assumed to be the most successful 
sinners. Thorstein Veblen could picture 
the modern captain of industry as a 
strategist concerned mainly with the 
practice of ‘‘capitalistic sabotage’’; that 
is, with the effort to limit the inordinate 
abundance of goods that modern engi- 


neering would provide to those modest 
supplies that will yield the maximum 
net revenues. 

Another type of difficulty, business in- 


terference in government, had been 
pointed out by Adam Smith himself. 
In his eloquent plea for ‘‘the simple and 
obvious system of natural liberty,’’ 
Smith tacitly assumed that government 
aimed to increase the wealth of the nation 
as a whole. But in a much earlier 
passage, not often recalled by his dis- 
ciples, he had pointed out how unserupu- 
lously clever are men of business in per- 
suading the government that measures 
profitable only to their selfish interests 
will be advantageous to the public. A 
wise administration would be suspicious 
of advice from that quarter. Of course 
the laboring classes were too ignorant to 
form opinions upon public policy; but 
the country gentlemen might be trusted, 
for though often stupid about commer- 
cial matters their interests coincided 
broadly with those of the nation. Ri- 
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eardo reversed this dictum: the interests 
of the landlords were opposed to those 
of every other class in the community, 
and a government controlled by them 
was selfishly misused to restrict foreign 
competition in foodstuffs in order to keep 
up rents—a policy that made food dear 
and money wages high, thereby reducing 
profits and impeding the accumulation 
of capital, on which progress depended 
Later generations found reason for be 
lieving both Smith and Ricardo, or 
rather for believing that every class, the 
wage-earners included when they attain 
political influence, is eager to use the 
power of government for selfish ends. If 
any class has a bad eminence in this 
respect it is because circumstances enable 
that class to exercise more pressure upon 
government for the time being. And the 
more developments of one sort or another 
forced government to concern itself with 
economic affairs, the more private parties 
strove to control government. This de 
velopment attracted more attention in 
the United States than in Great Britain ; 
but it is naive to think that in any coun- 
try the problem of the state and economic 
enterprise can be treated realistically 
without considering economic enterprise 
in politics. We economists have been 
so prone to chide governments for in- 
terfering in business that we have often 
overlooked the extent to which these in 
terferences are dictated by particular 
groups of business men. We usually 
think of government as Adam Smith did 
when he was expounding the policy of 
laissez-faire, forgetting what we know of 
polities, just as Adam Smith for the mo- 
ment forgot his warnings about the 
machinations of the commercial interest. 


Ill 

Not only did private enterprise pro- 
duce various unfortunate results, it also 
failed to produce some good results that 
were expected by its champions. One 
bitter disappointment came in interna- 
tional relations. As noted before, during 
the heyday of laissez-faire it was pre- 








se Fee a>s oe 


456 THE SCIENTIFIC MONTHLY 


dicted that the mutual gains from free 
trade, demonstrated so convincingly by 
political economy, would bind the peo- 
ples of the world in an economic league 
of peace. Unhappily that was not the 
outcome. The volume of international 
trade did increase enormously as appli- 
cations of science reduced the costs of 
transportation. But even the great com- 
mercial nations did not raise their for- 
eign policies to the level of enlightened 
self-interest. They continued as in the 
age of mercantilism to waste their eco- 
nomic energies and to prostitute their 
intelligence in waging intermittent wars, 
though all sensible men knew that the 
chief outcome of wars is mutual im- 
poverishment and frustration. Compe- 
tition among the nations for economic 
gains kept degenerating into wrangles 
and wrangles into fights—as would com- 
petition among individuals if there were 
no authority in the background to en- 
force peace. The economic theorists of 
laissez-faire had committed a sin of omis- 
sion that John R. Commons is helping 
this generation tardily to repair. They 
had failed to realize the implications of 
the réle played by courts in economic 
transactions. Where there is no court to 
decide disputes, backed by power to en- 
force its decisions, enlightened self- 
interest has but a feeble control over 
human passions. 

Nor was that the whole or the worst 
of the psychological error. Even in in- 
dividual dealings regulated by courts, 
enlightened self-interest did not domi- 
nate behavior so much as the logie of 
laissez-faire required. The most discon- 
eerting discovery, or rather rediscovery, 
made by the social sciences in the nine- 
teenth century was that man is a less 
rational animal than he thinks himself. 
He is prone to commit the ‘‘intel- 
lectualist fallacy’’ in giving accounts 
of his own behavior; that is one of his 
subtle ways of maintaining his self- 
esteem. Systematic thinkers are espe- 
cially subject to this fallacy because the 
easiest way to give an intelligible account 


of what men do is to suppose that they 
are guided by calculations that the 
theorizer can repeat and foretell. Thus, 
as Walter Bagehot happily remarked, 
Adam Smith tacitly assumed that ‘‘there 
is a Scotsman inside every man.’’ The 
literal-minded closet philosopher, Jeremy 
Bentham, made the assumption explicit. 
He crystallized the conception of func- 
tional psychology current among British 
thinkers of his time in the ‘‘felicifie ecal- 
culus’’—a scheme so congenial to minds 
formed by a money-making age that 
diluted versions of it still dominate many 
of our speculations about economic be- 
havior. Even the Malthusian ‘‘ principle 
of population,’’ with its modern-sound- 
ing emphasis upon instincts and habits, 
could be interpreted in terms of the 
felicific calculus by disciples of Bentham. 
The working classes, like their betters, 
were controlled by the two sovereign 
masters, pain and pleasure: but their 
lamentably defective education pre- 
vented them from foreseeing the pains 
that large families would bring upon 
them. The obvious remedy was to teach 
these unfortunates to associate low wages 
with premature marriages. Thus polit- 
ical economy had a great civilizing mis- 
sion to perform for the most wretched 
part of humanity as well as for the more 
fortunate; it should help all mankind to 
ealeulate correctly, that is, to find the 
real way of maximizing net pleasures. 
But Darwin’s teaching that man is an 
animal fundamentally ruled by instincts 
changed the perspective in which the 
social sciences saw problems of human 
behavior. Psychologists revealed the 
artificiality of the hedonistic analysis. 
Thinking appeared to be at best an in- 
termittent process, concerned with the 
humble task of finding ways toward ends 
set by more fundamental forces, and 
engaged in typically when routine modes 
of action encounter obstacles. Ben- 
tham’s clarity gave way to confusion. 
Men are moved by fears and angers, 


‘vanity and curiosity, longings for ad- 


venture and longings for security, sym- 
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pathy with others and delight in making 
invidious comparisons to their own ad- 
vantage, by obsessions, prejudices, vis- 
ions, by forces conscious and unconscious 
to which we give a hundred names but 
ean not delimit, describe and classify in 
any way on which we can agree. 

The rediscovery of man’s irrationality 
helps us to understand why Adam 
Smith’s ‘‘obvious and simple system of 
natural liberty’’ was never given a full 
trial. Perhaps a race evenly endowed 
with enlightened self-interest might have 
made an earthly paradise of the sort 
they would have liked by practicing 
laissez-faire. Certainly the very un- 
evenly endowed men that populate this 
planet, shortsighted, quarrelsome, senti- 
mental, did not do so. When individual 
enterprise produced results they did not 
like they would not wait for the evils to 
correct themselves in the long run. Each 
generation has realized the force of Mr. 
Keynes’s remark that in the long run 
we shall all be dead. Nor do all economic 
evils tend to cure themselves; human 
nature being what it is, there are social 
processes of degeneration that work 
cumulatively. The actual outcome was 
a mixed system of control by the imper- 
fect intelligence of individuals and con- 
trol by the imperfect intelligence of gov- 
ernments. And toward the end of the 
nineteenth century the factor of govern- 
mental control was gaining ground even 
in Great Britain. Just as individual 
enterprise had become a mass phenome- 
non in a nation that accepted mercantil- 
ism in principle, so governmental plan- 
ning was becoming a mass phenomenon 
within a nation that accepted the prin- 
ciple of laissez-faire. 


IV 


While dwelling upon the difficulties 
encountered as the system of free enter- 
prise enfolded, we should not forget how 
that form of economic organization stim- 
ulated men to apply scientific discoveries 
to the work of the world, how industry 
in turn aided scientific research, how 
standards of living rose, death rates de- 
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clined and population increased, how the 
Europeans spread over the earth ex- 
ploiting natural resources and backward 
peoples, or how mightily the leading 
commercial nations gained in power and 
prestige. Those are high lights in the 
dazzling picture of progress in the nine- 
teenth century, as seen by people of our 
culture. But the economic progress, so 
powerfully promoted by individualism, 
produced consequences that led the suc- 
cessful nations to tinker further with 
their economic organization. If the 
earlier stages in the resurgence of na- 
tional economic planning were due pri- 
marily to incidental defects in the work- 
ings of laissez-faire, the later stages were 
due primarily to results produced by the 
major successes of that system. 

The growing economic prosperity of 
the nineteenth century pushed men closer 
together while it also widened the areas 
from which they drew supplies and over 
which they marketed products. Increas- 
ing density of population makes what 
one man does more important in number- 
less ways to the health and happiness of 
his neighbors. Men feel the need of more 
common rules concerning what no one 
shall do and also concerning more things 
that everyone must do for the common- 
weal. Government is the great agency 
for setting minimum standards of con- 
duct that must be enforced upon the 
recalcitrant, and so finds its functions 
multiplying as the interdependence of 
individuals becomes more intimate and 
intricate. So also the wider geographic 
scope of economic organization exposes 
the modern man to more and more 
hazards that he cannot control, and he 
calls stridently upon his government for 
aid. Local regulations that served well 
enough in an earlier day are replaced by 
national rules, supplemented by inter- 
national conventions. 

This trend appears most clearly in 
American experience. ‘‘Rugged indi- 
vidualism’’ flourished upon the frontier. 
Laws were of slight help to the trapper 
and the squatter ; they wanted little from 
the government. But the farmers who 
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followed soon began demanding that the 
government aid them in getting facilities 
for shipping their produce to market; 
when these facilities had been provided 
they demanded that government regulate 
railroad rates; that government provide 
‘*cheap money’’; later that government 
make grants to improve roads, set up 
land banks, subsidize exports of surplus 
produce, extend protective duties to agri- 
eulture, and so on. When we tell the 
story of American prosperity we stress 
the westward expansion as one of the 
brightest episodes and celebrate the 
sturdy enterprise of the pioneers that 
made it possible. But when we study 
the record in detail, we find the con- 
querors of the continent full of com- 
plaints concerning their economic plight, 
and insistent with the full force of their 
rugged personalities that government 
come to their aid. 

In other ways also the prosperity of 
the nineteenth century turned men’s 
minds toward governmental planning. 
The extraordinary increase in the physi- 
cal volume of production made unprece- 
dented inroads upon the resources pro- 
vided by nature. So far as I know 
Stanley Jevons was the first economist 
to call attention to this feature. In the 
1860’s he showed that British industry 
and commerce rested on a foundation of 
cheap coal, and that if the extraction of 
coal continued to grow as.rapidly in the 
future as it had been growing in the 
recent past the commercially accessible 
deposits would be exhausted in no long 
time. Mineral deposits were irreplace- 
able by man, and the race might wreck 
its career by looting mother nature’s 
eupboard. Even abundantly endowed 
America took alarm over the destruc- 
tion of its timber resources, the drain 
on its reserves of anthracite, the waste 
of its natural gas and petroleum, and, 
most menacing of all in the long run, 
the depletion of its soils through reck- 
less cropping and erosion. The time- 
span taken into account by individual 
enterprises was but as a day in the life 
of a nation. In manufacturing, trans- 


portation, commerce and finance this dif- 
ference might give rise to no grave 
troubles ; but in the extractive industries 
a few generations of ruthless individuals 
might destroy the nation’s heritage to 
get a mess of pottage for themselves. 
To prevent that irremediable disaster the 
conservationists saw no other remedy 
than governmental regulation based upon 
long-range planning. 

Finally, the more completely any coun- 
try organized its economic life on the 
basis of making and spending money 
incomes, the more effectively it developed 
its natural resources, but the more did 
it suffer from recurrent business depres- 
sions. It seemed that the equilibrium 
among economic activities directed to- 
ward the making of profits was essen- 
tially unstable. Periods of rapid expan- 
sion never lasted more than three or four 
years. Some parts of the economic 
mechanism always expanded faster than 
others, and when the resulting stresses 
exceeded the limit of tolerance prosperity 
ended in a crisis followed by a period of 
contraction, from which business recov- 
ered only to repeat the same disillusion- 
ing round. Men learned some devices 
for mitigating the violence of crises and 
alleviating the sufferings of depression ; 
there were times when some nations 
fondly believed that they had mastered 
the disease; but further experience cor- 
rected that optimistic error. And these 
rhythmical alternations in the fortunes 
of commercial nations produced cyclical 
fluctuations about the secular trends of 
laissez-faire and of governmental plan- 
ning. During the prosperous phases of 
business cycles men were minded to de- 
mand that government let business alone; 
during depressions they demanded gov- 
ernmental interventions of the most 
diverse kinds. In this way also govern- 
ments have been led to assume heavier 
responsibilities for stimulating, repress- 
ing and supplementing private enter- 
prise. 

Another concomitant of economic prog- 
ress that caused grave apprehension in 
many minds was the increasing disparity 
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in the size of individual fortunes and in 
the magnitude of business enterprises. 
The poor did not grow poorer, but the 
rich certainly grew richer. The one-man 
business did not disappear, but the bil- 
lion-dollar corporation came into exist- 
ence. Those who feared these trends in- 
voked governmental action to moderate 
them. Inheritance taxes, steeply-pro- 
gressive income taxes and anti-trust 
legislation of numerous sorts were in 
large part efforts to check the inequali- 
ties in economic success which a system 
of individual enterprise breeds. 


V 


No other people had gone so far as 
the British toward accepting the doc- 
trine of laissez-faire, and, to the best 
of my knowledge, in no other country 
was the reversal of the trend in the latter 
part of the nineteenth century so clear. 
But a change of the same type can be 
discerned in the economic speculation 
and the practical policy of various other 
nations, among them the United States. 

From the outset, American policy had 
been an unstable mixture of national 
planning and reliance on the play of 
private enterprise. The severing of re- 
lations with Great Britain forced our 
ancestors to devise a formal plan for 
governing themselves. When their first 
plan, the Articles of Confederation, had 
proved itself inefficient, they drew a 
second plan providing for a stronger 
central government, and that worked 
better. The first Secretary of the Trea- 
sury under the Constitution plunged at 
once into national economic planning 
and scored a series of notable successes. 
Among other measures he induced Con- 
gress to adopt a mild protective tariff to 
stimulate domestic manufactures. After 
decades of acrimonious struggles over 
this issue, we built a high wall of tariffs 
around our borders, while practicing 
free trade within them. The more pow- 
erful our industries grew the higher the 
duties rose; for this is one form of gov- 
ernment planning that was guided sub- 
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stantially by private enterprise itself. 
Early in our history we sought to de- 
velop a national transportation system 
of highways and waterways; later we 
put our trust in privately owned rail- 
roads, to which we made lavish grants 
of public lands; later still we subjected 
the railroads to a complex set of state and 
federal regulations. We devised plans 
that promoted the settlement of the 
public domain by independent farmers, 
and allowed our timber and mineral 
lands to be plundered in wasteful 
fashion. First as farmers clearing fields 
for the plow, then as lumbermen sup- 
plying a market, we slaughtered our 
forests ; now perhaps the most carefully 
devised of our national plans aims to 
conserve what remains of our timber 
resources. For decades we complacently 
watched the tide of immigration rise; 
then we began excluding those whom we 
held to be undesirable aliens; recently 
we have adopted a systematic plan for 
limiting the number and supposedly im- 
proving the quality of those whom we 
admit. We lagged behind European 
countries in social legislation and in 
governmental ownership of public utili- 
ties, but we led in efforts to check the 
growth of monopolies and to compel 
business men to compete with one an- 
other. We have evinced a childlike 
faith in what we can accomplish by 
passing laws and a childlike vanity in 
our sturdy individualism. But more 
and more our individualism has ex- 
pressed itself in efforts to use the gov- 
ernment as an agency for attaining 
what we severally desire. 

This secular trend toward bolder and 
more varied economic planning by gov- 
ernments that prevailed in the western 
world during the closing decades of the 
nineteenth and the opening decade of 
the twentieth century was suddenly and 
enormously stimulated by the world war. 
Each of the belligerents felt compelled 
to mobilize its economic resources in 
order to maximize its military efficiency 


Governments endeavored to control pro- 
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duction and consumption, imports and 
exports, railroads and shipping, employ- 
ment and investment, prices and finances. 
Vexatious as these schemes were felt to 
be, they were approved by the citizens at 
large as essential to success. No comba- 
tant dared trust to the free play of indi- 
vidual enterprise when threatened by 
invasion. 

Though most of the governmental con- 
trols were released more or less promptly 
after the return of peace, there has been 
no such trend toward laissez-faire as fol- 
lowed the Napoleonic wars. The collapse 
of the Czarist régime in Russia under the 
stress of war made it possible for a Com- 
munist party to seize control and initiate 
the most ambitious experiment in na- 
tional planning ever tried by a great 
country. Italy has accepted Fascism and 
its plan of a ‘‘corporative state.’’ Ger- 
many has entrusted her fortunes to a 
party that is trying to remold both the 
economic organization of the nation and 
its spirit. The new states set up in 
Europe by the treaty of Versailles for 
the most part have followed a policy of 
extreme economic nationalism. For a 
time Great Britain and the United States 
seemed to be working back toward pre- 
war conditions as rapidly as the unsettled 
state of world affairs allowed; but the 
grave economic errors perpetrated by 
private economic planning during the 
1920’s combined with the after-effects of 
the war to bring on the great depression 
of the early 1930’s, and with it a marked 
recrudescence of national planning. 
Great Britain gave up her historic gold 
standard for a managed currency and 
free trade for moderate protection. In 
the United States, discouraged by three 
years of ineffectual efforts to stem the 
growth of unemployment by an admin- 
istration that believed in ‘‘rugged indi- 
vidualism,’’ the electorate put in power 
a party whose leader promised a New 
Deal in economic affairs. Even France, 
which had withstood the earlier stages of 
the world depression most stubbornly, 
has installed a radical ministry pledged 
to sweeping economic reforms. 





VI 

To my mind, this cursory survey of 
the relations between the state and eco- 
nomic enterprise in the western world 
since 1776 suggests that we are in for 
more rather than for less governmental 
planning in the calculable future. Eco- 
nomic forecasting is a notoriously hazard- 
ous enterprise, and political forecasting 
is perhaps even more risky. But the 
chances of forming approximately cor- 
rect anticipations are best when we are 
dealing with a secular trend; when we 
can ascertain the more potent forces that 
have shaped this trend in the recent past, 
and when we have reason to believe that 
these forces will retain their character 
and their potency during the limited 
future of which we are thinking. We 
expect technological progress to con- 
tinue; for it rests. upon scientific dis- 
covery, which does not seem to be ap- 
proaching a limit, and upon man’s desire 
to get larger returns for his economic 
efforts, which shows no signs of failing. 
Presumably, technological progress will 
continue to throw men out of work, to 
depreciate old investments, to shift 
sources of supply, to introduce novel 
products. The growth of very large busi- 
ness enterprises has not been checked; 
the economic, political and social prob- 
lems to which their operations give rise 
have not been solved. In nations that 
retain a capitalistic organization these 
changes will bear heavily upon numerous 
individuals, while they benefit others 
largely. Economic life will continue to 
be full of uncertainties, and those who 
suffer mischances will follow the prece- 
dents our generation is setting and make 
even larger demands for government aid. 
Social security legislation is more likely 
to expand than to contract in the great 
democracies, and dictatorial governments 
will practice paternalism. Business 
enterprisers will increase their efforts to 
limit or suppress competition; for the 
more we mechanize industry and special- 
ize machinery, the heavier will be over- 
head costs and the more dangerous com- 
petition will become to vested interests. 
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The problems that the courts and the 
legislatures face in devising and enforc- 
ing rules of fair competition will grow 
more subtle and difficult. It will not be 
surprising if investors in great industries 
that are threatened with loss by tech- 
nological progress organize campaigns 
for government purchase and operation. 
The draft upon exhaustible natural re- 
sources will grow greater and the move- 
ment for conservation through govern- 
ment regulation will wax stronger. Com- 
munities will become increasingly inter- 
dependent and the task of planning water 
supplies, sewage disposal, protection of 
streams against pollution, highway sys- 
tems, power lines and the like will be 
one in which the central governments 
will be foreed to take a larger share. 
Nor can we leave out of account the prob- 
ability of future wars and the practical 
certainty that if they occur between great 
nations, each belligerent government will 
seek to effect a more drastic economic 
mobilization than was effected in the 
latest world war. It is most unlikely 
that this trend toward national economic 
planning will rise steadily. Its course 
will be diversified by accelerations and 
retardations, perhaps by some vigorous 
reactions toward laissez-faire. But the 
indications seem to me fairly clear that 
in the long run men will try increasingly 
to use the power and resources of their 
governments to solve their economic 
problems even in those nations that 
escape social revolutions. And, if it 
should turn out that Communism, or the 
corporative state, or some as yet unchris- 
tened form of economic organization 
makes a stronger appeal to the mass of 
people than does the complicated mixture 
of private enterprise and governmental 
regulation that is evolving in the capital- 
istie nations, then social revolutions may 
sweep the world, presumably carrying 
with them drastic governmental control 
over economic activities. 


Vil 


Whether we fear or welcome these 
prospects of an evolutionary trend or 
a revolutionary shift toward govern- 
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mental regulation, we must all agree that 
the relation of the state to private enter- 
prise is a problem which the social 
sciences should join in attacking. 

No scientifically minded man nowadays 
will assume that the immediate aim of 
this attack should be to pronounce a ver- 
dict that laissez-faire is better than gov- 
ernmental regulation, or that govern- 
mental regulation is better than laissez- 
faire. It is not the business of the social 
sciences to say what is good and what 
bad ; all they can do is to trace functional 
relationships among social processes, and 
so elucidate the most effective means of 
attaining whatever ends we set ourselves. 
Nor should any one expect a demonstra- 
tion that private enterprise always begets 
one set of results, that governmental 
planning always begets a different set 
and that as citizens we have merely to 
choose which of the two sets we prefer. 
The problem is not so simple as that. On 
the contrary, it is a problem of numer- 
ous variables that may combine with one 
another in an indefinite number of ways, 
and a given combination may produce 
very different results when applied to 
different processes. Our choice does not 
lie between two sharply contrasted sys- 
tems, private enterprise and govern- 
mental regulations; the real choices that 
we shall be making more or less deliber- 
ately are choices among the indefinitely 
numerous possible mixtures of private 
enterprise and governmental regulation, 
as applied to this, that or the other type 
of activity, under different conditions of 
time and place. Hence the common at- 
tack of the social sciences upon this prob- 
lem should aim, not at finding ‘‘a solu- 
tion,’’ but at finding methods by which 
communities can carry on intelligently 
the process of working out the endless 
series of detailed solutions with which 
they must keep experimenting. 

In dealing with this problem the social 
sciences are not confined to speculation. 
They have before them for analysis the 
experience of several autocratic govern- 
ments that are professing to guide the 
economic evolution of their nations ac- 
cording to some system and the experi- 
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ence of several democratic peoples that 
are fumbling with the problem in dif- 
ferent ways. On paper, the methods of 
autocratic governments look the more 
imposing to an outsider; but how plans 
are really made in present-day Russia, 
Italy and Germany I do not know. Per- 
haps the processes that go on behind the 
scenes are admirably organized to make 
use of the best intelligence available. 
Perhaps the critically important deci- 
sions are made on an inspirational basis 
by a leader whose genius is trusted as 
the guiding star of the state. Or the 
controlling group may believe that it is 
applying in practice rules deduced from 
a scientifically established body of prin- 
ciples. Or there may be a confused 
and shifting struggle among ambitious 
cliques, each seeking the favor of the 
powers that be. Probably a mixture of 
these various elements prevails in all 
autocratic governments, one element pre- 
ponderating here, another there, one last 
year, another this year. Of course, it is 
part of the task of the social sciences 
to penetrate behind the stage sets painted 
by official propagandists, to find out as 
much as they can about how the national 
planning is actually done and to trace 
its consequences, direct and indirect, im- 
mediate and delayed, in social and polit- 
ical as well as in economic affairs. The 
rapidly growing literature about these 
experiments will become increasingly 
instructive if they are continued long 
enough to let their cumulative effects 
mature. But any one who glimpses the 
vastness and complexities of the re- 
searches called for will pardon me for 
considering only the processes of the 
democratic peoples, and primarily the 
people of this country. 

As said before, American methods of 
applying intelligence to the guidance of 
economic evolution have run the gamut 
from a rather extreme reliance upon indi- 
vidual enterprise under some circum- 
stances to a rather extreme reliance upon 
the federal government under other cir- 
cumstances. However, one simple gen- 
eralization may be ventured: we have 


seldom tried to work out national plans 
except when some considerable group 
among us has become seriously dissatis- 
fied with the results of private enterprise, 
or of private enterprise as regulatd by 
local or state governments. In the life 
of the nation, planning plays the rdéle 
that thinking plays in individual life. 
Both processes are resorted to typically 
to find ways of surmounting difficulties 
that occur in the course of routine be- 
havior. And just as our individual 
thinking is commonly directed toward an 
immediate, specific difficulty, so most of 
our efforts at national planning have 
dealt with some single need that has been 
keenly felt by groups sufficiently numer- 
ous or sufficiently powerful to command 
attention. Let me call this ‘‘ piecemeal 
planning.’’ Examples are campaigns for 
federal aid to develop turnpikes and 
canals in our early days, for protective 
duties on imports, for the abolition of 
slavery, for free silver, for reduction of 
railroad rates, for curbing the ‘‘trusts,’’ 
for ‘‘prohibition,’’ for old-age pensions, 
and so on almost without end. The 
groups pushing these plans have been 
animated at times by philanthropic zeal 
and at times by sordid interests; some 
groups have relied upon fervid appeals 
to the moral conscience, some upon frank 
presentation of economic claims, some 
have resorted to bribery. What they 
have in common is advocacy of a measure 
designed to accomplish some one change 
in social organization, with slight regard 
to its collateral and long-run effects upon 
other social interests. 

Of course piecemeal planning is defec- 
tive in principle, however high its aims 
and however generous the spirit that 
inspires it. Each of the social sciences 
has its own way of demonstrating that 
all social processes are interrelated. 
When we alter the conditions under 
which one process operates we are certain 
to affect other processes. Many of these 
unplanned effects are negligible, but 
some are important; among the latter 
effects some may be pleasant surprises 
but others are likely to be unpleasant. 





Also 
the | 
diffe: 
that 
heart 
slave 
as W 
eultu 
by @ 
form 
men 
nortl 
meas 
cates 
its d 
short 
what 
we p 
Th 
mon 
powe 
devis 
ters a 
form 
of th 
take 
stane 
of th 
Const 
Alexe 
izatio 
attem 
inaug 
stane 
gency 
we e1 
task 
pract 
natio! 
genci 
the 
organ 
Wher 
alone, 
point 
think 
make 
still. 
Pla 
gencit 
need | 


enoug 
gence 





ECONOMIC EVOLUTION 


Also we know when we stop to think that 
the long-run effects of our reforms often 
differ widely from the immediate effects 
that we intended to produce. However 
heartily we approve the abolition of 
slavery we must admit that emancipation 
as we effected it without regard to the 
cultural status of the slaves was attended 
by grievous results not only for the 
former masters but also for the freed- 
men and for the relations between the 
northern and the southern states. No 
measure is so good in itself that its advo- 
eates are justified in thinking only of 
its direct and immediate effects. In 
short, we are not making the best use of 
what limited intelligence we possess when 
we plan on a piecemeal basis. 

Though piecemeal planning is our com- 
mon method of attempting to use the 
powers of government, on occasions we 
devise programs dealing with many mat- 
ters at the same time. Every party plat- 
form makes pretensions to be a program 
of this sort; but we have learned not to 
take them seriously. Outstanding in- 
stances in our history are the adoption 
of the Articles of Confederation and the 
Constitution, the economic planning of 
Alexander Hamilton, the economic mobil- 
ization during the world war, and the 
attempt of our present administration to 
inaugurate a New Deal. In each in- 
stance, the country faced a grave emer- 
genecy—only under such pressure have 
we ever set ourselves vigorously to the 
task of thinking out and putting into 
practice a comprehensive scheme of 
national policies. Two of these emer- 
gencies were produced by war, one by 
the inefficiency of existing political 
organization, two by economic troubles. 
When times are good, we let well enough 
alone. As yet we have not risen to the 
point of continuous systematic efforts to 
think out coordinated policies that will 
make what we deem satisfactory better 
still. 

Planning in the face of national emer- 
gencies is commonly handicapped by the 
need for quick action. There is not time 
enough to bring the nation’s full intelli- 
gence to bear upon the problem. The 
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more intense the pressure the less the 
chance of doing a good job. The framers 
of the Constitution set an admirable 
precedent by taking time for delibera- 
tion; but our later emergency plans have 
been hastily concocted. Of course the 
inspirations of a desperate moment are 
sometimes fortunate ; but we do not trust 
to luck in our most rational activities. 
To design an efficient National Industrial 
Recovery Act is vastly more difficult than 
to design an efficient bridge across the 
Golden Gate. The one task we essayed in 
a fine frenzy of good intentions and 
rushed it through in short order; the 
other we performed deliberately after 
elaborate study of the geological as well 
as the mechanical factors involved. 

One reason why we act less rationally 
in devising national plans than in build- 
ing bridges is that the sciences of social 
behavior lag far behind the natural 
sciences in certainty. If economists, po- 
litical scientists and sociologists could 
tell us how certain proposals would work 


in practice with as much assurance as 
engineers can give, we would leave tech- 


nical matters largely to them. The lay- 
man is naturally disinclined to trust pro- 
fessions whose members seem to be con- 
tinually disagreeing with one another. 
That is a justifiable hesitation as matters 
stand. We might, however, if we chose, 
so alter the present status of affairs that 
we could make fuller use of the social 
sciences and, what is not less important, 
of the practical sagacity possessed by 
experienced citizens in many walks of 
life. 

What I have in mind is an attempt 
to organize ourselves for deliberate and 
systematic study of social problems. 
Organization is often a critically impor- 
tant factor in determining the efficiency 
of group action. The same men who 
made a mess of national government 
under the Articles of Confederation made 
a success of national government under 
the Constitution. It is conceivable that 
we of the present generation who flounder 
so in public policy might reach a de- 
eidedly higher level of efficiency by fol- 





464 THE SCIENTIFIC MONTHLY 


lowing the example of reorganization set 
by the Fathers of the Republic. 
Precisely what form an organization 
for the study of social problems should 
assume and how it should operate are 
delicate questions, but experience sug- 
gests some simple answers. First, the 
organization should be a continuing one, 
not like a constitutional convention that 
draws up a plan of government and ad- 
journs sine die; for social problems are 
ever assuming new forms and the task 
of dealing with them is never finished. 
Second, to be effective the organization 
should center in a small board, respon- 
sible not for making technical studies 
and formulating plans—that task calls 
for more technical knowledge and more 
insight than any small group possesses— 
but for seeing that studies are made and 
that plans are formulated. It would be 
the board’s task to make sure that in this 
work available knowledge is utilized to 
the full—not merely such contributions 
as social scientists could make, but also 
the contributions of experienced men of 
affairs, and the contributions of natural 
scientists, which are fundamental to 
many social problems. Also it would be 
the board’s particular care to see that 
before measures were proposed for deal- 
ing with one issue the collateral effects, 
direct and indirect, immediate and de- 
layed were considered. The board should 
endeavor to take up problems before they 
reach the emergency stage, while there is 
time for full consideration before reach- 
ing a decision. To enable it thus to focus 
the intelligence of the nation upon social 
problems of a wide and shifting range, 
the board should have a technical staff 
including men of many qualifications, 
means for obtaining professional assis- 
tance from any one whose counsel is 
needed and close contacts with govern- 
ment agencies, federal, state and local. 
It should foster the planning attitude 
toward public problems, cooperating with 


the state, regional and municipal plan~~ 


ning organizations in all parts of the 
country. Finally, it should give all the 
interests affected by the issues under con- 


sideration an opportunity to present their 
views before it formulates proposals. 

Sharing in the staff work of a National 
Planning Board would give social scien- 
tists a continuing opportunity of the sort 
that this Tercentenary Conference seeks 
to provide for a few days. The most 
effective way to secure genuine coopera- 
tion among men of different disciplines 
is to get them to unite in attacking com- 
mon problems. The specialists who par- 
ticipated in seeking solutions for the con- 
crete problems taken up by a planning 
board would have facilities for thorough 
investigation, and they would have time 
to absorb in as large a measure as human 
limitations permit the significance of one 
another’s contributions. While serving 
the Board they would also be promoting 
the type of knowledge that the world 
most desperately needs—knowledge of 
human behavior. 

An organization of this character 
would have the best chances of rendering 
service if it were accepted by public 
opinion as an agency of the federal gov- 
ernment, but an agency empowered 
merely to draw up plans for considera- 
tion by the constituted authorities or the 
voters. No doubt the outcome of the de- 
liberations upon many issues would be a 
recommendation to take no public action. 
In the many-faceted problem of how best 
to combine governmental regulation with 
private enterprise it might as often coun- 
sel a policy of laissez-faire as a policy of 
intervention. If I am right in forecast- 
ing a multitude of demands that the 
federal government extend its activities 
vigorously in the future, I may be right 
also in thinking that a planning organiza- 
tion, charged to study the collateral and 
the long-run effects of public policies, 
would be the best safeguard against ill- 
considered measures. Only the careless 
will jump to the conclusion that system- 
atic study of national problems by a 
federal agency would accelerate the trend 
toward governmental regulation. It 
might have the opposite effect. 

Needless to say, the most wisely guided 
organization for national planning would 





enco 
exte 
area 
ous 
plan 
mer 
tical 
of tl 
that 
fash 
aplet 
ther 
orga 
dice, 
Refc 
nant 
boar 
befo: 
frien 
latio: 
own 
disay 
publ 
wort 
socia 
tion 
in a¢ 
Ev 
tion * 
ingly 
affair 
hard 
eumu 
cies, 
socia. 
of ac 
ends 
must 
sions 
opini 
moun 
rare ; 
simp] 
ning. 
tion ¢ 
by th 
peopl 
prope 
But s 
thus 
patte 





ECONOMIC EVOLUTION 


encounter opposition. Every attempt to 
extend the réle of intelligence over new 
areas seems to many persons presumptu- 
ous or silly. Despite the plainest ex- 
planations that the central board was 
merely a device for focussing the prac- 
tical wisdom and scientific knowledge 
of the whole community upon problems 
that have to be dealt with in some 
fashion, there would misunderstandings 
aplenty. Of course interests that thought 
themselves threatened would attack the 
organization with the weapons of preju- 
dice, misrepresentation and _ ridicule. 
Reformers in a hurry would wax indig- 
nant over the deliberate methods of a 
board that tried to foresee consequences 
before it: recommended action. Early 
friends who expected the prompt formu- 
lation of sweeping plans embodying their 
own predilections might be turned by 
disappointment into enemies. Unless 
public opinion really believes that it is 
worth while to think carefully about 
social problems, no planning organiza- 


tion worthy of the name could last long 
in a democracy. 

Even if given a fair trial, the organiza- 
tion would find its technical tasks exceed- 


ingly difficult. Experienced men of 
affairs and social scientists know how 
hard it is to foresee the indirect and 
cumulative consequences of public poli- 
cies, to approximate social gains and 
social costs, to find the most efficient ways 
of accomplishing given ends. And the 
ends to be aimed at are not given; they 
must be chosen. There have been occa- 
sions in American history when public 
opinion accepted a definite end as para- 
mount; but these occasions have been 
rare and of brief duration. They vastly 
simplify the problem of national plan- 
ning. For example, economic mobiliza- 
tion during the world war was facilitated 
by the fact that a large majority of the 
people were ready to sacrifice comfort, 
property and life for military success. 
But seldom is the national scale of values 
thus erystallized in a single dominant 
pattern. As a rule numerous limited 
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ends command wide support, but no one 
end is predominant. To make matters 
more puzzling, the widely popular ends 
are likely to conflict with one another. 
I suppose that at present most people 
think it desirable to balance the federal 
budget, to reduce taxation, to increase 
employment and to keep the unemployed 
from suffering hunger and cold. Most of 
the time a national planning organization 
would have to work amidst confusion of 
this sort. That condition makes plan- 
ning difficult, but not impossible. It is 
the condition that most individuals 
habitually face in their private planning. 
Somehow they manage to reach decisions 
despite the incompatibility among their 
desires. Presumably a wisely conducted 
planning organization could achieve a 
similar qualified success. In a demo- 
cratic country, national planners would 
have to serve as an agency for accom- 
plishing what the majority desired. But 
by throwing light upon the consequences 
that different lines of action would pro- 
duce, they could contribute much toward 
making social valuations more rational. 
Perhaps in the long run the chief gain 
from trying to plant national policies in 
the light of their probable consequences 
would be the attainment of a more valid 
seale of social values than now prevails 
among us. 

Whether this country is ready to 
organize its intelligence, practical and 
scientific, in an effort to guide the evolu- 
tion of its institutions more wisely, I do 
not know. But a bill creating a National 
Planning Board along the lines that I 
have followed is now pending in Con- 
gress. We may prefer to continue for 
years our past policy of piecemeal plan- 
ning, supplemented in grave emergencies 
by sweeping changes made in a hurry. 
Or we may follow the example of those 
nations that have made a sudden plunge 
into fascism or communism. Our best 
chance of avoiding a dictatorship of some 
sort, with its compulsory regimentation 
of our lives, lies in infusing a larger 
measure of intelligence into our publie 
policy. 
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Ir has been suggested by those respon- 
sible for the program of the Harvard 
Tercentenary that, as a conclusion to the 
discussions in fundamental science which 
have marked your deliberations for the 
past two weeks, it would be appropriate 
to consider some of the practical results 
attendant upon the attempts to utilize 
science in our industrial and social 
affairs. They have suggested further 
that some discussion of the efficacy of 
introducing the powerful tools of the 
research laboratory into industry might 
be in order and that recent advances in 
telephony would supply good illustrative 
material. 

In accepting their invitation I must 
express my appreciation of the honor 
they have conferred on the scientific men 
of the electrical communication industry 
and on me in designating me as their 
spokesman. 

By suggesting this sort of termination 
for the discussions, I assume that the 
Tercentenary Committee had in mind 
not only practical values of an economic 
kind but likewise practical values of a 
social nature. After all, unless we are 
clear as to the existence of social values 
and are prepared to appraise them hon- 
estly and be guided by the results of our 
appraisal, the dollars and cents values 
of our work are more likely than not to 
turn to ashes in our hands. 

The purpose which the Tercentenary 
Committee had in mind could be accom- 
plished by scrutiny of examples from 
almost any of the great modern indus- 
tries which have developed on the foun- 
dation facts, techniques and methods of 
science. None of them, however, I think 
more completely exemplifies the present 
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and prospective economic and social 
values of practical applications of science 
than does that part of electrical commu- 
nication which we designate as teleph- 
ony. Nor is there any other in which, 
so far as I am aware, the fundamental 
principles of the scientific method have 
been extended so greatly to control accu- 
rately, uniformly and continuously the 
operation of a vast human and material 
mechanism. This control is imperative 
if the service is to have that degree of 
reliability demanded by the require- 
ments of a social and business society 
organized to a large extent on the as- 
sumption that satisfactory telephone ser- 
vice is always instantly available. 

Time does not permit any discussion 
in detail of how this has been made pos- 
sible nor is there any necessity here of 
such discussion. All that need be men- 
tioned is that among the principal fac- 
tors have been a fortunate development 
of fundamental science itself in regions 
applicable to electrical communication ; 
in an early appreciation of the power 
for advancement inherent in the slow but 
certain results of rigorously controlled 
experimentation, and in the almost 
equally early realization that in any 
community or region telephony must be 
a single service but one in which the 
physical means and human methods of 
operation are so chosen as to act har- 
moniously with the means and methods 
employed everywhere else. 

Added to these and furnishing a rigid 
yardstick by which every new proposal 
must be measured is the fact that time is 


an all-important factor. On its purely 


physical side, two-way telephony to be 
of value must involve essentially instan- 
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taneous transmission of intelligence be- 
tween terminals; otherwise normal con- 
versation would not be possible. Nothing 
which introduces substantial deviation 
from this requirement is admissible, no 
matter how attractive it may be other- 
wise. 

Further, every telephone circuit, 
whether it be between terminals in adja- 
cent rooms or between those separated by 
half or more of the circumference of the 
earth, must be a cleared channel estab- 
lished with minimum delay on demand 
in order that the correspondents be 
brought immediately vis-a-vis. On the 
operational side, therefore, time is also 
an essential factor, and while it is inher- 
ently impossible to establish instantly 
any connection that may be asked for, 
everything that is reasonably possible 
is demanded to the end that every calling 
subscriber is served immediately on 
request. 

In no other social service I am familiar 
with does the element of time play such 
an imperious controlling part. 

While there are still vast areas both 
in the science and operational regions 
where we know that great progress is 
still possible, we have already gone suffi- 
ciently far in our development of the 
art to have telephone service begin to 
take on the form of complete universal- 
ity. With it have come marked changes 
in our methods of social and business 
intercourse, in our economic and political 
machinery and in the problems presented 
to our courts for adjudication. All these 
things and their corresponding elements 
in other industries have their roots in 
science, and whether or not we are con- 
scious of it, it is the possibilities and 
limitations of this science root structure 
which in the end will largely determine 
the resulting form of our society. 

So far have we gone already in per- 
fecting the adaptation of science to the 
art of telephony that most of us when 
we use the telephone are not even cog- 
nizant, except vaguely perhaps, of the 
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fact that our ability to talk freely wher- 
ever and whenever we wish is the result 
of an infinite amount of work by the men 
in the laboratory. We are not conscious 
of the fact that these men have been and 
are being confronted daily with myriads 
of problems—all obstacles of one sort or 
another. Some they conquer and elimi- 
nate—some they learn to control and 
utilize. In the end, they have produced 
a gossamer web of filaments which, in 
spite of being beset with a multitude of 
enemies, they have succeeded in protect- 
ing and making available for its one and 
only function—that of enabling us to 
convey intelligible speech sounds to dis- 
tant places. So effectively has this work 
been done that in many instances the 
men and women who install and operate 
the telephone plant are themselves un- 
aware of the things done to make it 
smoothly operative. 

This taking-for-granted attitude on the 
part of the many is common in every 
technical application of science to our 
daily usage. From it and from its corol- 
lary—action of a social, political or 
economic character with little or no 
understanding of the underlying and 
controlling forces—come most of our 
problems of proper social control of these 
new things. One of the biggest, if not 
the biggest, problem ahead of us is the 
educational problem of teaching a vast 
population, which is becoming more and 
more dependent on the things of applied 
science, enough of their inherent possi- 
bilities and limitations so that they can 
operate the social controls without 
danger of wrecking the machinery. 

As one infinitesimal contribution to 
this educational problem and simply by 
way of illustrating in the field of teleph- 
ony a few of the problems research men 
are solving every day in a multitude 
of industries, I shall give you a few 
demonstrations of things not normally 
observable when we use the telephone but 
which constitute some of the hidden 
factors I have mentioned. I shall begin 
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by setting up a couple of telephone con- 
nections such as are regularly provided 
in the public service. This is merely to 
refresh your minds as to the results you 
obtain when you use the telephone. Ex- 
cept for the fact that you will hear 
through a loud-speaking telephone, which 
for best results requires a transmission 
circuit slightly different from that ordi- 
narily employed with a hand telephone, 
the result of one connection at least will 
be commonplace to all of you who have 
occasion to employ the long distance tele- 
phone. The other, which will be a long 
distance conference call, may be strange 
to most of you, although it is coming into 
somewhat general use in business opera- 
tions. Then we will pick these or a 
similar circuit apart a bit and show you 
a few of the many hidden forces which 
the research man has either had to over- 
come or develop and control in order to 
give the operating people and you long 
and complicated circuits which appar- 
ently operate like short and simple ones. 
I shall endeavor also to show you a few 
of the odd things which our knowledge 
of science has enabled us to utilize in 
giving types of telephone service which 
would otherwise be impossible. 

Finally, with the collaboration of Mr. 
Dudley, you will have a glimpse through 
the crack that the research man has made 
in the wall surrounding a hitherto unde- 
veloped field in the realm of communica- 
tion possibilities. 

All this is designed merely to give a 
springboard from which to project what 
seem to me a few plausible conclusions 
as to the social implications of scientific 
research in electrical communication and 
inferentially in many other fields as well. 

Before going on to the demonstrations, 
it may be of interest to note briefly by 
analogy and otherwise what our present 
telephone facilities here in the United 
States really provide and some of the 
grosser effects which would result from” 
their substantial annihilation. 


Imagine direct railroad tracks from 
every city, village and hamlet to every 
other city, village and hamlet. Imagine 
a train on every track, steam up, ready 
to start at a moment’s notice to any 
destination. Imagine the track facilities 
so ample that, no matter how numerous 
the trains, there are no delays either in 
going or returning. Imagine, further, 
that the trains move with incredible 
speed which in many cases is virtually 
that of light. Here we have in substance 
the achievement of modern telephony 
when we realize that the cargo on the 
trains is human thought as conveyed by 
the spoken word. Recalling the words 
which Emerson wrote years ago at the 
completion of the first Atlantic cable— 


The lightning has run masterless too long; 

He must to school and learn his verb and noun 
And teach his nimbleness to earn his wage, 
Spelling with guided tongue man’s messages— 


how uncommonly prophetic these have 
proved! How well the lightning has 
learned his lesson ! 

Without the telephone, modern tall 
buildings and the correlated extreme 
density of populations in many of our 
urban developments would be either im- 
possible or more encumbrances than aids 
to life and business. To carry by mes- 
senger the communications which enter 
and leave a tall office building by tele- 
phone during the rush hours, would 
block corridors and elevators and pro- 
duce unprecedented traffic jams in the 
streets outside. For every person who 
walks along a busy city street, the tele- 
phone enables a much larger number to 
project their thoughts and personalities 
along the circuits below the street. 
Usually the telephone delivers a message 
and brings an answer in less than the 
time it would take to transcribe it for a 
messenger. 

Merely to mention the number of calls 
completed each year over our American 
telephone system takes us at once into 
astronomical magnitudes. For the past 
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year, the number was twenty-five billion. 
While the major portion of these were 
local calls, a vast number were long dis- 
tance and, with added facilities and the 
prospect that through further research 
costs can be lowered, there is every 
reason to believe that the time is not 
far distant when the number will be 
increased many fold. 

When one attempts either by word of 
mouth or by demonstration to explain 
the recent problems of telephony and 
how they are being overcome, he finds 
that he has a uniquely difficult piece of 
work in hand. He must discourse upon 
a structure, the long telephone line, 
which neither he nor any one in his 
audience has ever seen in its entirety, 
and he must, unless addressing a group 
of his own kind, put into words a host of 
concepts which find their proper expres- 
sion only in mathematical symbols and 
processes or in the special language of 
the physicist. If I could transport you 
rapidly out across the continent three 
thousand miles or so, thus enabling you 
in the course of a few minutes to visualize 
what a complex thing a modern long dis- 
tance telephone line actually is, I might 
hope to convey to you a superficial con- 
ception of the elaborate and fragile thing 
I am talking about. Only thus would 
many of you sense how remarkable it is 
that this frail far-flung structure should 
be endowed with surprising electrical 
stability and immunity to meteorological 
and man-made disturbances. 

Were we to make such a flight, what 
actually would we find over and above 
the pairs of wires which every one recog- 
nizes as among the constituents of all 
telephone circuits—the wires which in 
one form, the open or exposed form, de 
Chavannes depicted in his painting in 
the Boston Public Library? We would 
find as a matter of fact, that these pairs 
of open wires represent a type of con- 
struction which is now rather in the 
minority even for long distance teleph- 
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ony. For reasons of better protection 
and stability, particularly in regard to 
electrical leakage, the wires composing 
even very long circuits are now fre- 
quently packed tightly together and 
enveloped in an impervious lead sheath 
to form a cable in which neutral gas, 
such as nitrogen, is maintained under 
pressure. 

Continuing our imaginary flight, we 
would encounter on each of the hundreds 
of pairs of wires within each cable and 
at absolutely regular intervals varying 
from about five eighths mile to one and 
one eighth miles on different circuits, a 
loading coil—a coil of wire on a special 
magnetic core whose function is to assist 
the speech currents, as they travel, to 
overcome the large attenuating effect of 
the electrostatic capacity of the tightly 
packed wires. These coils, of which there 
may be as many as two or three thousand 
called into play in the handling of a 
single message, must be identical to a 
degree characteristic of the watchmak- 
er’s precision. Next, there is the re- 
peated and uniform twisting of each pair 
of wires at its own particular pitch to 
secure such nicety of balance, both elec- 
trostatic and electromagnetic, that not 
more than a millionth of the power of a 
telephone circuit will pass over induc- 
tively to any neighboring circuit. Then 
at intervals of fifty miles for certain 
types of cables, and at shorter intervals— 
even as low as ten miles on certain newly 
projected types—we would encounter the 
thermionic amplifiers which restore the 
message energy after attenuation by re- 
sistance and other forms of dissipation. 
Closely associated with certain of these 
amplifiers are the regulators which auto- 
matically counteract the effect of changes 
in conductor resistance induced by 
changes in temperature. As an illustra- 
tion of how important the regulators are, 
they must allow the total amplification of 
a long circuit to increase between winter 
and summer by as much as the factor 
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10°. Then too there are the smaller 
diurnal variations which it is even more 
important to compensate for automati- 
cally because they are naturally of a very 
irregular pattern. The emergence of the 
sun from behind clouds or an icy blast 
along one section of a toll cable is regis- 
tered almost immediately by a large 
alteration in the attenuation of the cir- 
cuits within it. In case a cable is placed 
underground, the temperature changes 
to which it is subjected are of course of 
smaller amplitude and longer period, but 
for them too it has been found best to 
compensate on the automatic pilot wire 
basis. 

In our overland flight we would actu- 
ally see many other essential telephonic 
devices which cooperate to insure the 
steady and uninterrupted operation of 
the lines, but since our time is limited I 
must stop with the bolder details of the 
picture. I hope they will be sufficient to 
give you at least some visualization of 
what science has enabled the telephone 
engineer to accomplish. So stable in 
operation is the telephone plant of to-day 
that in spite of the apparently fragile 
nature of its long lines, which in turn 
depend upon the uninterrupted func- 
tioning of many thousands of delicate 
electronic devices, it is available every 
hour of the day, day in and out. Along 
with growth in reliability, despite an 
ever-increasing dependence on delicate 
structures, has come a marked increase 
in the amount and scope of facilities as 
a result of the continually decreasing 
cost of circuits brought about by re- 
search. This combination of enhanced 
reliability, at cost sufficiently low to per- 
mit circuits to be provided in profusion, 
has made it possible for you to reach a 
distant party without leaving the tele- 
phone and has made operating delays a 
rarity rather than a commonplace. 

To illustrate this point I am going to 
place one or two long distance cals. 
Even after thirty odd years’ intimate 


association with telephone development, 
I still confess to a certain awe at the 
speed with which the telephone operators 
are to-day able to transport one about 
the country. In a sense, we are about to 
bring that painting by de Chavannes to 
life, and because I want you to hear with 
me how the girls operate the circuits I 
have arranged that whatever is audible 
on this telephone will also be reproduced 
by the loud speakers which you see here 
on the stage. The first call I will place 
will be for Dr. Millikan in Pasadena. 


Boston A Operator: ‘‘ Number, please.’’ 

Dr. Jewett says: ‘‘I would like to talk to 
Pasadena, Calif.’’ 

Boston A Operator: ‘‘I will connect you with 
the toll operator.’’ 

Audience hears click. 

Boston Toll Operator: ‘‘ Toll Operator.’’ 

Dr. Jewett: ‘‘I would like to talk to Dr. 
Millikan at Pasadena, Calif., Terrace 7125.’’ 

Boston Toll Operator: ‘‘Hold the line, 
please.’’ 

Audience hears several clicks as toll operator 
rings New York. 

N. Y. Inward Operator answers: ‘‘New 
York.’’ 

Boston Toll Operator says: ‘‘RX.’’ 

N. Y. Inward Operator says: ‘‘ Right.’’ 

N. Y. Through Operator answers: ‘‘RX.’’ 

Boston Toll Operator says: ‘‘Los Angeles.’’ 

N. Y. Through Operator says: ‘‘ Right.’’ 

Audience hears several clicks as toll operator 
rings Los Angeles. 

Los Angeles Operator answers: ‘‘Los An- 
geles.’’ 

Boston Toll Operator says: ‘‘ Terrace 7125.’’ 

Los Angeles Inward Operator says: ‘‘ Right.’’ 

Boston Toll Operator says: ‘‘ Your number, 
please.’’ 

Dr. Jewett says: ‘‘ Hancock 0514.’’ 

Audience hears audible ringing at Los Angeles. 

Dr. Millikan’s office answers: ‘‘ This is Ter- 
yace 7125.’’ 

Boston Toll Operator says: ‘‘Dr. Millikan, 
please, Boston is calling.’’ 

Dr. Millikan answers: ‘‘This is Dr. Millikan 
speaking.’’ 

Boston Toll Operator says: ‘‘Ready with 
Pasadena.’’ 

(A brief dialogue followed in which Profes- 
sor Millikan said that, as he had been prevented 
from attending the Tercentenary in person, he 
was particularly pleased at having the oppor- 
tunity to participate telephonically in the event.) 
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I will next have you listen in on what 
we term a conference call. Such calls 
require a certain amount of prearrange- 
ment, depending upon the number of 
participants. In the present instance, 
I have asked five gentlemen in five differ- 
ent cities to participate. The five cities 
are New York, Chicago, St. Louis, San 
Francisco and Atlanta, and the five 
speakers are intimate telephone associ- 
ates of mine. 

As you have doubtless already in- 
ferred, the conference call brings several 
persons together in telephonic communi- 
eation so that each can speak and listen 
to all the others. Conference calls, al- 
though but recently introduced, are much 
in demand, and I need not, I think, argue 
at any length the case for their signifi- 
eance in working out what appears to be 
the destiny of the telephone as providing 
a national nervous system. Through 
prearrangements these associates of mine 
have just been connected to us through 
the conference system and I will now 
talk with them. 


‘*Good afternoon, gentlemen! I am speaking 
from Sanders Theater in Cambridge, where 
about 1,200 guests of the Harvard Tercentenary 
are assembled. I have just explained what a 
conference call is and now I want to show the 
audience that those who participate in such a 
eall are in effect seated together around a table. 
I shall not call a roll but suppose each of you 
gentlemen announce yourself and your location.’’ 
(There followed brief exchanges of remarks 
among the five participants.) 


So much by way of refreshing your 
minds on what normal telephone calls 
are like. I am now going to take a long 
circuit similar to those we have just used 
and perform some experiments with it 
merely to show you a few of the obstacles 
with which the research men have had to 
contend in order to give us our appar- 
ently simple circuits. 

It won’t be practicable to have the cir- 
cuit here before you because it is actu- 
ally 1,700 miles long and extends in cable 
from Cambridge to Charlotte, N. C., and 
back. You will have to take my word 
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for it therefore when I say that it in- 
cludes approximately 3,000 loading coils, 
40 equally spaced vacuum tube ampli- 
fiers, pilot wire regulators which control 
their gain to compensate for changes in 
temperature, and other devices, such as 
echo suppressors, the purpose of which 
I will return to in a moment. You will 
not, however, have to take my word for 
the curious phenomena which such a cir- 
cuit exhibits—phenomena which are dis- 
played best in a very long circuit—be- 
cause with the aid of the loud speakers 
you will all be able to observe the cir- 
cuit’s performance when normal condi- 
tions of operation are disturbed. 

At the outset let me say a word or two 
as to a basic characteristic of long speech 
highways in which they differ funda- 
mentally from other highways. The 
telephonic highway must respond as a 
single unit from end to end or not at all. 
It is a single entity, almost a living 
organism which, if disturbed at one 
point, reacts throughout. As a coordi- 
nated, balanced and self-contained unit, 
it is undoubtedly the most extended 
structure man has thus far built. Not 
like the highways for rolling stock which 
may be torn up for considerable sections 
without interrupting the flow of through 
traffic, we must consider the telephone 
line, even though thousands of miles 
long, as a single integrated entity. This 
characteristic underlies the demonstra- 
tions I have arranged. 

Familiarity on your part with the 
general functioning of the vacuum tube, 
now indispensable as an amplifier in all 
forms of electrical communication, I 
must assume. We will pass on at once 
to consider the degree of perfection as 
regards accuracy and stability to which 
the device has been brought in the tele- 
phone plant. As I mentioned earlier, I 
have here the terminals of a circuit 1,700 
miles long which is looped down to Char- 
lotte, N. C., and which contains 40 ampli- 
fiers, each supplying an average gain 
rather greater than ten-fold. This gain 
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is required, since at each amplifier the 
speech current has been attenuated by 
resistance and other losses to about the 
value it must have at the receiving ter- 
minal. Further transmission without 
distortionless amplification would so 
weaken the current as to make it useless. 
A graph of current along the line would 
present a saw-tooth appearance—the 
value on reaching each repeater or ampli- 
fier being a minimum and beyond each 
amplifier being substantially that at the 
sending end. 

Since the speech current passes through 
each amplifier successively, it receives 
this ten-fold boost at each so that after 
having passed the second amplifier the 
total gain is 10x10; at the third, it is 
10x 10x10, and the total amplification 
from end to end of the cireuit is 10*, 
i.e., 10 with 39 naughts after it. Here 
indeed we are dealing with astronomical 
magnitudes. In terms of a more fa- 
miliar physical quantity, this is multi- 
plication about equivalent to taking a 
single atom of hydrogen and magnifying 
it until it fills the entire solar system. 
Surprising as it is that such amplifica- 
tions are attainable, it is even more un- 
expected to find them produced as an 
everyday affair with so little distortion 
that the final product at the receiving 
end is essentially indistinguishable from 
the original and so perfectly under con- 
trol that the overall variation in magni- 
tude is negligible. Just to verify that 
there is no perceptible distortion I will 
ask Mr. Thompson, one of my assistants, 
to enter the booth in the corner and 
speak to you, first directly through the 
loud speakers and then over the 1,700- 
mile looped circuit. (From the booth 
Mr. Thompson spoke as follows.) 


‘*T am now talking to you from the booth on 
the stage and speaking directly through the loud 
speakers. ’’ 

(Click) — — — (Pause). 

‘*Now you hear me through 1,700 miles of 
cable cireuit.’’ 

(Pause) — — — (Click). 

**Now the cable has been removed again.’’ 

(Pause) — — — (Click). 


- 


‘*And now you hear me through it. I doubt 
if you notice any appreciable difference in my 
voice whether it reaches you direct or through 
this 1,700 mile line.’’ (Dr. Jewett then 
resumed. ) 


Such speech transmission represents 
the present culmination of a prolonged 
study of circuit characteristics and 
countless laboratory investigations to 
discover the best instrumentalities. It 
would scarcely exceed the truth to say 
that we are dealing here with the same 
perfect balancing of processes that a liv- 
ing body displays and which nature has 
attained after speculative ages of evolu- 
tion. If, for example, the speech cur- 
rent at any point in the circuit is per- 
mitted to rise substantially, the capacity 
of the next amplifier will be exceeded, 
with resultant distortion. This effect 
can readily be illustrated. To do this I 
will again ask Mr. Thompson from his 
vantage point in the booth to speak over 
the circuit first in its normal adjustment 
and then with one of the amplifiers sub- 
jected to overload conditions and you 
will have no difficulty in distinguishing 
between the two conditions. When one 
amplifier is overloaded his words are 
searcely recognizable. 

Under-amplification represents an 
equally serious menace to satisfactory 
transmission. It results in the message 
current being masked by the stray elec- 
tric currents present on every long line. 
The telephonic currents must at all times 
exceed these stray currents by a suitable 
margin to prevent loss of intelligibility. 
(Here Mr. Thompson spoke again over 
the circuit—first in its normal condition, 
and then under somewhat exaggerated 
conditions by increasing the noise at the 
expense of his voice.) 

To a certain extent, the telephone engi- 
neer can control the noise level on his 
circuits, t.e., the magnitude of the stray 
electric currents with which his message 
currents must compete. By the mainte- 
nance of perfect electric and magnetic 
balance with respect to all neighboring 
circuits—telephone, telegraph and power 
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it would be possible theoretically to 
eliminate the currents, since they are 
due to induction. 
of the question as a practical matter, 
however, for circuits of the existing art 
What 
cerned with is that degree of perfection 
which it is 
maintain. 
must admit of economic as well as elec 


Perfect balance is out 


the telephone engineer is con 


economical to attain and 


In other words, his balance 
trical and magnetic considerations. 
There are certain types of telephone 
new coaxial cable 
New York 
Philadelphia, quite different from those 


circuits, such as the 


being installed between and 
we are using to-day and not yet in com 
but 


ment is well advanced, which do permit 


mercial operation whose develop 
either of perfect electric balancing or of 


shielding against outside disturbances 
Even in these cireuits, however, the noise 
factor still sets limits of attenuation and 
the 


noise re 


In this case it is not 
the 


sulting from the random motion of the 


amplification. 
noise of induction but is 
conduction electrons in the wires them- 
selves with which we have to deal. 

One way of conceiving of the noise of 
motion We think 
f electricity in a metallic conductor as 
orming a level The motion 
f the molecules of the metal set up tiny 
this that 
yrreak against the ends of the conductor. 


‘andom is this: may 


heat 


sCd. 


vaves on ocean strike and 
riven enough amplification we can hear 
he surf of the electric sea beating on its 
shores. 

resistances 
They 


nay be connected in turn to a high-gain 


[ have here three similar 


f wire wound on quartz supports. 


implifier and the loud speaker so that 


state of electrical unrest 


One is cooled in liquid 


natural 
‘an be heard. 


their 


air, one is at room temperature, and the 
third is heated to red heat in an electric 
furnace. Connecting in first the coil at 
room temperature you hear the hissing 
of the electric surf quite plainly. Of 
course the current of random motion is 
extremely small, the amplification being 
such that the current actuating the loud 


speaker is approximately one hundred 
million times the rapid current surges 
in the resistance itself. 

Now I will let you hear the louder hiss 
of the hot resistance and then the gentler 
hiss of the cold one 

Practically, of 
evade this limiting disturbance by 


course, we can not 
coo! 
ing our telephone lines in liquid air. In 
the 


metal affects the entire audible range of 


stead, since internal noise of the 
frequencies, we have to make certain al 
ways that our man-made speech waves 
are higher than the waves of heat motion 
anywhere and everywhere in the circuit 
In this respect the inherent molecular 


noise is more difficult to cope W th than 


the noise of inductive interference, since 
there is no way of filtering it out from 
the speech currents. 

Let us turn now to quite another 
problem Telephone engineers are con 
monly concerned with transmitting 
speech in two directions Sometimes 
this is done over a single pair of wires 
and at other times a separate pair 
wires or transmission path is provided 


for each direction of transmission over 


the major portion of the distance I 
either case, at least at the terminals, ther¢ 
is a common circuit 

It is practically im possibl at the 
terminals to arrange matters so that the 


energy of the telephonic current is com 
pletely absorbed mn the receiver WI at 


is not absorbed is, of course, reflected 
back toward the transmitting end 

Such reflections, together with th 
fact that in long cireuits the electric 
waves take a noticeable, though very 
short, time for transmission, create echo 
effects. In the case of our present cir 
cuit it takes 0.13 second for the current 
to travel 850 miles and return—a total 


of 1,700 


person at 


This 


the transmitting end of 


miles. means that the 
such 
an 850-mile two-way circuit will hear an 
echo of his own voice reflected from thé 
farther end 
prevent it 


unless means are taken to 


This echo returns in 0.13 


second. | will now set up the former 
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cireuit to show you how such an echo 
sounds. I will ask Mr. Thompson first 
to tap his transmitter several times, and 
then speak a number of words with a 
pause after each one. Each time he does 
so, if you listen closely you will hear the 
echo caused by the current which has 
traveled to North Carolina and_ back. 
Now, Mr. Thompson, will you please tap. 
Tap— Tap— Tap—Tap— Tap— Tap 

Now will you please say a few words. 
tap 

This-is is-is the-e 300th.th an-n-niver sary-y 
of Harvard-rd Un-n iver-rsity-y. 

On long circuits such as this one where 
echoes are a factor, the telephone engin- 
eers have been forced to devise echo sup- 
pressors in order to block out the echo 
currents and thus prevent their disturb- 
ing the speakers. 

Actually, of course, we frequently have 
reflection not only at the far end of the 
circuit but again at the sending end, so 
that the energy will be reflected back 
and forth several times. These multiple 
echoes can be demonstrated also. I will 
ask Mr. Thompson to repeat. 

Tap Tap Tap—— Tap 
Tap Tap Tap—— Tap 

This phenomenon of reechoing or mul- 
tiple echoes can be followed further if | 
have the amplification here in the theater 
increased gradually as the echoes tend 
to drop off, thus keeping them more or 
less at constant volume and having the 
sound finally buried in noise. 


Tap - tap tap——_ tap 

tap 

repeated 30 or 40 times and gradually diminu 

endo, while the cireuit noise at first inaudible 

increases until finally it overpowers the taps. 
The phenomenon of reflection, aside 

from being troublesome when it pro- 


duces echoes, also places a stability re- 
quirement upon our thermionic ampli- 
fiers—the telephone repeaters. In a 
long circuit, were even one or two of 
them sufficiently unstable so as to in 
crease their gain materially, the reflected 
eurrents would be large enough to cause 


sustained oscillation or singing of the 
circuit as a whole. 
cuit with many repeaters, the telephone 
engineer must make certain that spon- 
taneous fluctuations in gain are reduced 
to a negligible percentage. The circuit 
which | have been demonstrating can 
readily be unbalanced to the point of 
singing, and you might be interested in 
hearing the result. While Mr. Thompson 
speaks the singing condition will be in- 
troduced and you will note how his 
words are gradually lost in the more or 


In the case of a eir- 


less pure tone which is generated by the 
oscillating condition. 

Turning from these transmission con- 
siderations, let us inquire a little into 
speech itself. I mentioned a few mo- 
ments ago that by the preservation of 
proper balance between adjacent circuits 
they will not seriously crosstalk into one 
another; in other words, transmission by 
wire is secret. But when we come to 
radio transmission we can not safeguard 
our messages in the same way. The 
ether is a world-wide party line, and no 
matter what special type of radio sys- 
tem is resorted to, an eavesdropper can 
readily succeed in tapping the transmis- 
sion. To insure privacy it therefore be- 
comes necessary to operate on speech 
to throw it 
into some hopelessly unintelligible form, 


itself—before transmission 


but of course with the assurance that at 
the receiving end it will be possible by 
providing an inverse correcting device 
to restore the speech to intelligible form 
before it goes to the subscriber. 

Many radio receivers in general home 
use to-day are capable of listening to 
short wave stations around the world 
as well as to broadeasting stations. Be- 
cause of this, it would be feasible for the 
broadcasting listeners to overhear con- 
versations over commercial radio tele- 
phone cireuits if preventive measures 
were not applied. In order to insure 
privacy to the users of transatlantic ser- 
vice, so-called privacy apparatus is con- 
nected in the transmitting and receiving 
circuits of the radio links. This appa- 
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ratus takes the normal speech from the 
subseriber and mutilates it in such a way 
that, if it is picked up on the air, it will 
be unintelligible to the eavesdropper. 
The proper apparatus in the commercial 
radio link at the receiving point restores 
the mutilated speech to original form so 
that the other end is 
unaware transformation 


the subscriber at 
that 
taken place. 


any has 
Two types of privacy devices are in 
The 


first type is known as the inverter and 


reneral use in our overseas services. 


the second type is known as the band 
These devices | will 
lemonstrate by the 
peakers here to a circuit to New York, 
which Mr. 


Joseph Richey, chief overseas technical 


plitting system. 
connecting loud 


rom point you will hear 


yperator, speaking to you and making 
the regular there 
Mr. Richey showed how by switching 


ise of equipment 
. one of the privacy devices he could at 
ill make his words quite unintelligible. 
le also recorded a bit of this unintel- 
gible speech on a phonograph record 
nd showed how its clarity could be re- 
tored by transmission through the com- 
lementary device. 
Now for a look through the crack inte 
e undeveloped realm previously men- 
ned. This involves quite a different 
yproach which we have been making to 
e subject of speech. Superficially it 
rather amusing. 
In this development our research men 
ive sought to analyze the fundamentals 
speech production with surprising re- 
its. They have found that intelligible 
ech is produced by relatively few con- 
‘olling factors of the speech mechanism 
id that by analyzing speech instantane- 
isly to obtain quantitatively the values 
these controlling factors surprisingly 
‘curate reproduction of the 
speech can be obtained by applying cur- 
factors to a 


original 


rents representing these 

proper electrical synthesizer which re- 

produces speech in its original form. 
The method, as you will witness in a 
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moment, is also capable of producing 


some very weird effects 

All this work is very recent, and this 
oceasion is the first public statement of 
it, as nothing has yet been published in 
the scientific journals. Time will not 
permit of anything more than a sketchy 
statement of 
few demonstrations of results 

Before Mr. Dudley, the 


man primarily responsible for this amaz 


the general method and a 


introducing 
who will conduct the 


ing piece of work, 


demonstrations and give you such ex 


planation as time permits, | may be per 
mitted to say just a further word or two 
by way of preliminary explanatior 

As to the analysis, we find that speech 
consists inherently of I rather 


tate to the faet—not 


hes 


Two 


state musical or 


duleet tones—nothing more nor less than 
two noises. We shall let you listen to 
these noises Then we shall show that 
when modulated properly and mixed 


properly, the result is perfectly accept 


able speech Each of the noises Nas a 
pitch characteristic, and each of urse 
has a loudness characteristic These are 


analyzed and the result apphed to the 


synthesizer. 


Before proceeding further with the 
explanation, | ought to mention that 
this investigation is still very much of a 
laboratory affair. It will be necessary 


for us in effect to visit the laboratory m 


New York in order to witness a demon 
stration. At this point Mr. Dudley 
demonstrated how successfully his ma 
chine could mimic the voice both when 
speaking and singing Dr. Jewett then 


concluded as follows 
These few demonstrations and all that 
told but 
the that 
from organized scientific research in the 
field of 
Most of what we now have or of what we 


we have you are minute ex 


amples of results have come 


one electrical communication 


envisage for the future could not have 


been obtained except through rigorous 


application of the facts and methods of 
science in a broad frontal attack such as 
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organized cooperative effort alone can 
make. It is not too much to expect that 
a continuation of the method will ulti- 
mately result in the substantial destrue- 
tion of the barrier to conversation wher- 
ever and whenever desired which dis- 
tance has imposed in the past. Since 
there is even now no physical obstacle 
of distance, this is simply another way 
of saying that a continuation of organ- 
ized research gives promise of providing 
speech channels so numerous and rela- 
tively so cheap that the economic bar- 
riers to full usage will be obliterated. 

When this time comes, society for the 
first time in its long evolutionary history 
will, through the varied forms of elee- 
trical communication, have a complete 
nervous system. In many respects it 
will present striking similarities to 
man’s nervous system. It can not help 
but speed up what Spencer termed 
superorganic evolution and will in fact 
make possible a type of political state 
which could not develop without it. 

Time does not permit any elaboration 
of the effects on society of this oblitera- 
tion of distance as they influence the 
action and interaction of our human 
social atoms. My purpose here to-day 
has been served if I have conveyed to 
you some understanding of what scien- 
tific research in the communication field 
has already done and what it seems pre- 
pared to do in the future in the way of 
putting men everywhere in position to 
act with the same facilities, as regards 
interchange of ideas, as if they were in 
one room. 

One could spend hours developing in 
detail the multitude of ways in which 
the things evolved by organized scientific 
research in the field of electrical com- 
munication have influenced our modes of 
life. When all is said, however, the 
broad implications are to be found in 
the result just mentioned, namely, that 
through it we have already gone a long 
way toward providing society with a 





complete nervous system and have every 
prospect of finishing the job. 

My purpose has been served further 
if it has given you a better idea of the 
vast power in coordinated research for 
solving incredibly intricate problems of 
a very practical nature and for develop- 
ing adequate controls over multitudinous 
conflicting forces in such simple form 
that they can be operated easily by essen- 
tially unskilled people. 

What organized scientific research has 
done and is doing in the field of com- 
munication is being repeated in a host 
of other fields. Everywhere there is 
growing evidence that the power inher- 
ent in the scientific method when applied 
to the prosaic affairs of everyday life is 
coming more and more to be understood 

The ever increasing flood of new tools 
which fundamental and applied science 
are giving us is obvious. So, too, are the 
initial results on society of their mass 
introduction into it. What is not s 
obvious are the processes by which they 
will gradually be fitted smoothly into ar 
orderly society built up around them. 

The one thing that is quite clear to m: 
is that since these new tools are th 
direct result of operating a powerfu 
method by skilled people, it is impera 
tive if full social value is to be obtaine: 
that the method which produced then 
be extended and that men and women b 
truly trained to apply it—not to pro 
duce new things but show us hoy 
properly to use them. In this it will no 
suffice to do what we have so frequent! 
done in the past, feel that we are makin; 
progress by giving things awe-inspirin 
titles which serve merely to cloak sha! 
lowness of understanding. 

To the extent, however, that we are 
able to introduce the elements of this 
proven method of rigidly controlled and 
eoordinated experimentation into the 
stream of our social and political evolu- 
tion, to that extent will we be able to 
simplify and expedite our progress. 
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THE CELEBRATION OF THE HARVARD TERCENTENARY 


Harvarp University celebrated the 
three hundredth anniversary of its foun 
dation on September 16, 17 and 18. 
Preceding the ceremonies there was a 
Conference of Arts and Sciences, held 
from August 31 to September 12. At 
this conference some seventy papers and 
addresses were presented by leading 
scholars and scientific men from the 
United States and from fourteen foreign 
‘countries. THe Screntiric MontTHLy 
has the privilege of printing in the pres- 
‘nt issue a number of these addresses and 
thus is enabled to do its part toward 
lemonstrating the remarkable character 
f the program commemorating an event 
inparalleled in the history of American 
education. 

The three tercentenary days opened 
with a reception in Sanders Theater on 
the afternoon of September 16, when 
ach of the 551 delegates was greeted by 
resident Conant. Their reception was 
ollowed by an address by him to which 

response on behalf of all the delegates 
vas made in French by the senior dele- 
rate from the University of Paris, the 
nathematician Professor Elie Cartan 
After the reception tea was served in the 
lelta or yard of Memorial Hall. In the 
vening the Boston Symphony Orchestra 
rave a concert under the direction of Dr 
Sergei Koussevitsky. There were other 
symphony concerts on the two following 
lays, at the latter of which there were 
‘horuses sung by the Tereentenary 
Chorus made up of present and former 
members of the Harvard Glee Club and 
the Radcliffe Choral Society. 

The meeting of the Associated Harvard 
Clubs was the feature of the morning of 
Alumni Day, September 17. Following 
a service of thanksgiving and remem- 
brance in the Memorial Church, a meet- 
ing was held in the tercentenary theater 
set up in the Harvard yard with seats 


for 15,000 people. After the roll of 
classes had been called President Conant 
reported on the contents of the package 
which was sealed in 1836 by President 
Josiah Quincey. The package contained 
letters written by alumni in answer to 
the invitation to the two hundredth anni 
versary celebration of the university. 
After quoting from those documents, 
President Conant sealed a similar pack 
age to be opened by the president of the 
university in 2036. 

There were speeches by three under- 
graduate students, the unveiling of a 
bust of the late Dean Briggs, the presen 
tation of gifts from alumni in China and 
Japan and of a gift of $5,000 from men 
not graduates of Harvard. The faculties 
of the university gave a luncheon in 
Memorial Hall in honor of the visiting 
delegates. Informal speeches were di 
livered by five delegates, representing 
universities of Europe, Asia and South 
America, and by one delegate who voiced 
the good-will of universities of the United 
States. These were Sir Frederick G 
Hopkins, Professor Joseph Bedier, Pro 
fessor Tullio Levi-Civita, Professor Hu 
Shih, Professor Bernardo Alberto Hous- 
say and President Lotus D. Coffman. 
The toastmaster was Dean Sperry In 
the evening the Harvard Chapter of the 
fraternity of Phi Beta Kappa held exer 
cises, at which the address was made by 
Professor Bronislaw Malinowski, of the 
University London, and a poem was 
read by Professor Robert 8. Hillyer, of 
Harvard University. Later in the eve 
ning a reception was held at the Isabella 
Stewart Gardner Museum in Boston for 
delegates from other universities and 
learned societies Also at 9 o’clock be 
gan the illumination of the river front, 
arranged as a part of the Undergraduate 


Celebration 
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THE ROSTRUM OF THE TERCENTENARY THEATER 


JOHN MASEFIELD, THE ENGLISH POET LAUREATE, IS READ 

On the third day of the celebration the President Conant’s oratio1 The | 
morning was given up to the formal ex- versity Tradition in America—Yeste1 
ercises of the university, and in the after- day and To-morrow’’; the conferring 
noon the Harvard Alumni Association sixty-two honorary degrees on thos 
held its meeting. After processions of took part in the Conference of Arts 
alumni and delegates the bells of South Sciences, and the benediction by the Rt 
wark Cathedral, London, where John Rev. William Lawrence. The Ter 
Harvard was baptized in 1607, were tenary Chorus, under the 
heard as carried by radio across the At Professor Davison. sang sele 
lantie. propriate times 

Dean W. L. Sperry, of the Divinity (Owing to the rain w eu; 1 ta 
School, gave the invocation, and Pro- during the exercises, arrangements wert 
fessor E. K. Rand delivered a salutatory made for transferring the meet vy 
oration in Latin. Then followed an ad- the Alumni Association from the ope 
dress on ‘‘The Founding of Harvard theater in the Yard to Sanders Theate 
College’’ by Professor S. E. Morison; with radio transmission 1 ther aud 
‘‘Greetings from the Commonwealth’’  toriums 
by Governor James M. Curley, of Mas- President Emeritus Lows as ‘* Pres 


sachusetts; addresses by President Co- dent of the Day,’’ presided at the meet 
nant to the Universities of Paris, Oxford ing of the Alumni Association in the 
and Cambridge; ‘‘Lines Suggested by afternoon He introduced first res 
the Tercentenary,’’ a poem by John dent Conant, and then a brief message 
Masefield, poet laureate of England; was received by radio from Stanley 
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DR. A. LAWRENCE LOWELL 


PRESIDENT EMERITUS OF 


Baldwin, chancellor of Cambridge Uni- 
versity. The other speakers were: Judge 
Learned Hand, ’93, president of the 
Harvard Alumni Association; Franklin 
D. Roosevelt, President of the United 
States; James Rowland Angell, presi- 
dent of Yale University; Alexander 


HARVARD UNIVERSI' 


Dunlop Lindsay, master of Balliol Col 
lege and vice-chancellor of Oxford Uni 
versity, and George R. Agassiz, presi 
dent of the Board of Overseers. At the 
end of the proceedings, President Conant 
moved that the meeting be adjourned to 


September 18, 2036 


THE HARVARD TERCENTENARY CONFERENCE OF ARTS AND SCIENCES 


SIXTY-SEVEN of the world’s most dis- 
tinguished scholars and scientists, in- 
cluding eleven winners of the Nobel 
prize, gathered in Cambridge, Massa- 
chusetts, during the first two weeks of 
September to participate in the Harvard 
Tercentenary Conference of Arts and 
Sciences. Outstanding thinkers in nu- 
merous fields of specialized endeavor, the 
participants came not merely to report 


on progress within the limits of these 
fields but to approach a broader concep- 
tion of man’s nature, his learning and 
his functions as interpreted from these 
widely divergent viewpoints. Astrono 
mers, philosophers, economists, chem- 
ists, historians, biologists, psychologists, 
mathematicians, geologists, physicists 
and a host of other specialists presented 
their contributions in a novel attempt to 
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unite the isolated branches of modern 


scholarship into a single yet general in- 


vestigation of human life. 

The program, however, did not pre 
tend to be all-inclusive. As Jerome D. 
Greene, director of the Tercentenary, ex- 
plained, the 
human knowledge could 
surveyed during the conference or even 


encyclopedic range of 


not have been 


in a whole series of conferences. 
did Harvard pretend to make an authori 
the 
problems or the most competent students 
of each problem. 
was arranged on the theory that if men 
of great distinction in fields 
could be brought together to give their 


tative selection of most important 


Instead the conference 
various 


best to their fellow-workers, such a gath- 
ering would inevitably be of the greatest 
importance. 

The breadth of the five symposia into 
which the conference was divided is in- 
dicated by their titles: Deter- 
mining Human Behavior; Authority and 
the Individual ; Independence, Conver 
and 


Factors 


rence Borrowing in Institutions. 


Thought and Art: The Biological Sci 
ences, and The Physical Sciences. Yet 


all were related in the general plan of 
the conference in that all concerned man, 
his behavior, his knowledge, his civiliza 
tion. 

‘*The need of finding some unity in a 
maze of modern scholarship has been in- 
creasingly felt, not merely for the pur- 
poses of education, but for the guidance 
and what might be ealled the cross-fe1 
tilization of research itself,’’ Mr. Greene 


explained. ‘*Each address represents a 


characteristic way of thought and 
method of study by which men have 
come to understand one side of a vast 


problem which is here being studied 


from many sides. As a whole, therefore, 
the addresses comprise a series of typical 
methods and outlooks which jointly play 
their part in approaching the great prob- 
lem. They form an attempt, as vital to 
the future of scholarship as it is untried, 
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Nor 


to orient different methods and fields of 
study with one another toward the goal 
of seeing human life in a truer perspec- 
tive.’’ 

In its opening week the conference ap- 
propriately considered the oldest sciences 
known to man, astronomy and mathe 
matics, holding sessions jointly with the 
American Mathematical the 
Mathematical Association of America, 
the Institute of Mathematical 


and the American Astronomical Associa 


Socet Vy. 
STATISTICS 


tion. Members of these groups, living 


and eating together with the participants 
in Harvard dormitories, formed the nu 


cleus of the 2.500 American and Ca 


nadian scholars to whom attendance at 


the conference was limited Since one ol 


7 tT? 


the most important purposes of e con- 


ference, in addition to unifying the aca- 
demie world, was to impress the non-aca- 
demic public with the value of univers! 
ties, all the 


an international 


Sessions were broadeast over 
network, the meetings 


were fully reported in the press of the 


nation and, in the ease of the more popu 
lar evening lectures, the public was ad 
mitted without charge In addition, 


papers in three of the five symposia art 


being published | 


y the Harvard Univer 


sity Press, while those in the physical 
and biological sciences will appeal } 
various scientific journals. To facilitate 


press coverage ot the often hia \ 
nical papers, many participants in the 
conterence. as well AS members 


Harvard faculty well acquainted wit] 
the research being reported, held a series 
of press conferences with newspapermen, 
explaining in general terms the content 
and significance of various papers 

The value of this arrangement was em 
the 


Joseph 


conterence. wl eg 


Cartan, of the 


phasized early in 
Elie 
University of Paris, presented what was 
the 


the mathematies sessions 


Professor 
most important paper ol 
Although Pro- 


French 


probably 


fessor Cartan spoke and was 


a problem so abstruse thai 


dealing with 
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Photograph from the Boston Post 
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MATHEMATICIANS 


DEAN GEORGE D. BirkHOFF, oF HARVARD UNIVERSITY; PROFESSOR ELIF J. CARTAN, OF PARIS, AND 


PROFESSOR CONSTANTIN CARATHEODORY. 


outstanding mathematicians admitted 
difficulty in understanding his thesis, re- 
porters, with Dean George D. Birkhoff, 
Harvard mathematician, as interpreter, 
were able to comprehend his new mathe- 
matical coneepts and explain them to 
their readers. With these concepts Pro- 
fessor Cartan has evolved a new system 
of mathematics which may prove to be a 
bridge between the universe and the 
atom, the ‘‘missing link’’ in the arith- 
metical chain by which it is hoped to 
reconcile ordinary concepts of space with 
the theory of relativity. Known as 
‘*non-affine geometries,’’ Cartan’s sys- 
tem is based on the theory that spinors 
do not always behave like tensors, that 
they are occasionally ‘‘ bivalent’’ and be- 
long both in Euclidian and general 
geometry. It is Cartan’s modest hope 


that this dual personality of spinors 
may simplify the eventual reconciliation 
between some of the time-space measure 
ments of Einstein and the _ timeless 
planes of ancient geometricians who 
lived in a stationary and unchanging 
world. 

Another radically different and pos 
sibly more abstruse mathematical system 
was outlined by Professor Rudolf Car 
nap, of the Deutsche Universitit, Prague 
Typical of recent breaks with old tradi 
tions and the introduction of new logic 
in every field of knowledge, it is based on 
an infinite rather than a finite numbe 
of premises. Its chief advantage is that 
it is far more complete than older sys 
tems, even the best of which permitted 
“the writing of unprovable arithmetical! 
phrases. From Professor Leonard E. 
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Dickson, of the University of Chicago, Yerkes Observatory, and 1s also expected 
the conference heard a formula for the to form the basis of much future 
solution of Waring’s problem which has search. From Dr. Struve’s co-workers 
baffled mathematicians since the Middle came announcement of cold and din 
Ages, and with it further proof of the ‘‘ghost stars,’’ hitherto undetected 
inherent rhythm of numbers. While astronomers debated over possibl 
As the conference turned from mathe- temperatures and sizes of these stars 
matics to astronomy the paper of Pro- Professor Henry Norris Russe 
fessor Tullio Levi-Civita, of the Univer- Princeton, and Professor Antonie Pann 
sity of Rome, extended Einstein’s rela- koek, of Amsterdam, explained new and 
tivity theory with a more precise defini- improved methods they have developed 
tion of the fundamental law of the uni- _ for determining stellar masses and ten 
verse and thus became one of the most peratures 
significant in either of the two fields it From Sir Arthur Eddington, sé g 
embraced. His theory, dealing with the to link relativity and the quantun 
gravitational fields of two bodies rather theory, astronomers heard the charge 
than only one, is expected to be a focal that both are too artificial. Sir Art 
point for mathematical and astronomical also reported what he terms ‘‘the cos 
research during the next few years. mical number’ ’—2.156.2 M 


Discovery of a new red nebula, really — believes is the number of particles 
a cosmic dust cloud shining with the re universe. Turning to the sun. he fixed 


flected light from nearby Antares, was its interior temperature as 18,000,000 
reported by Dr. Otto Struve, of the devrees Fahrenheit. deseribed iis center 
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MEMBERS OF THE CONFERENCE ON THE STEPS OF MEMORIAL HALL 
AFTER ONE OF THE ADDRESSES AT THE INTRODUCTORY MEETING ON ‘‘ THE FAcTOoRS DETERMININ« 


HuMAN BEHAVIOR.’’ 
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as an inferno of x-rays and tiny par- 
ticles streaking about at speeds ranging 
from 40 to 10,000 miles per second. 
Crowded together in a cubic centimeter, 
he said, there are more than a quadril- 
lion atoms, about twice as many free 
electrons and 20,600 trillion x-rays. 

In another section of the symposium 
on the physical sciences, nuclear physi- 
cists heard Professor Merle A. Tuve, of 
the Carnegie Institution, relate the dis- 
covery of a super-powerful cosmic force 
sealed in the very hearts of the atoms of 
which all matter is composed. Far 
stronger than any force _ previously 
known to science, it is believed to func- 
tion as a sort of ‘‘cosmice cement’’ hold- 
ing the tiny particles in the heart of the 
atom—and with it the universe—to- 
gether. According to Professor Gregory 
Breit, of the University of Wisconsin, 
the force is a million times stronger than 
gravitation. It appears when two atomic 
particles approach within 28 trillionths 
of a centimeter of each other, at which 
point its force is more than 11,000,000 
volts of eleetricity—more than double 
the highest voltage man has been able to 
create in the laboratory. An allied sec- 
tion on cosmic radiation constituted the 
arena in which two of the world’s out- 
standing authorities in that field, Pro- 
fessor Arthur H. Compton, of Chicago, 
and Professor Robert A. Millikan, of the 
California Institute of Technology, re- 
newed their debate as to whether the 
primary radiation is composed mainly 
of uncharged energy bullets, photons or 
charged particles. Most promising of 
solving the riddle was a theory advanced 
by Dr. W. F. G. Swann, of the Franklin 
Institute, which, substantiating Dr. 
Compton’s beliefs, mathematically elimi- 
nated photons as necessary constituents 
of the primary radiation. 

Steps in the growth of mountains, how 
the seas of molten rock rose from the sub- 
terranean depths and were pressed into 


shape between the crushing jaws of the 
earth, were discussed before the geology 
section of the physical science sym- 
posium. Professor Edward B. Bailey, of 
the University of Glasgow, told of the 
crumpling and rafting together of layers 
of mud, sand and gravel in huge basins 
and traced the gigantic movements of 
the earth’s crust which folded these 
formations and lifted the whole mass 
above the surface to form mountains. 
How these massive ranges float on the 
earth just as an iceberg floats in water, 
was outlined by Professor Andrew C. 
Lawson, of the University of California, 
while Dr. Norman L. Bowen, of the Car- 
negie Institution, reported thirty years’ 
observation of miniature volcanoes he 
has ereated in his laboratory. 

Sawdust and other scraps of waste 
wood can be converted into the three 
fundamental elements of the human diet, 
inexpensively and on a scale to feed an 
army, Dr. Friedrich Bergius, the well- 
known German industrial chemist, told 
the conference. Providing the elements 
of a balanced diet—carbohydrates, pro- 
teins and fats—the process is one of the 
greatest strides toward a nation’s self- 
sufficiency and economic independence 
in recent years. An outstanding depar- 
ture from earlier technically successful, 
but economically impracticable processes 
is Dr. Bergius’s use of concentrated 
hydrochlorie acid as a converting agent, 
enabled by the design of equipment 
capable of withstanding the acid’s highly 
corrosive action. It was not reported 
how the stumbling block of earlier at- 
tempts had been overcome except that 
ordinary metal containers were lined 
with ‘‘a special ceramic material.’’ 

Another important development re- 
ported before the chemical section was 
the announcement by Dr. Hans Fischer, 
of Munich, that hemin, the red coloring 
matter of blood so essential to life, and 
chlorophyll, green matter vital in the 
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interrelations between these glands and 
the varied effects of their interacting 
secretions are fully understood, he stated, 
can progress be made toward the cure of 
diabetes. 


| Proof that formation of the automatic 
nervous system is among the earliest de 
velopments in embryos was reported by 
Sir Joseph Barcroft, of the University ot 
Cambridge, who took unique moving pic 
tures of the early breathing movements 
of unborn sheep in the first stages of pre 

i natal development. Breathing, he found 


is due to the rhythmic activity of th 
central nervous system. Two other pieces 
of the jig-saw puzzle of prenatal growt! 
were contributed by Professor Ross (; 
Harrison, of Yale, and Professor Hans 

Spemann, of the University of Freiburg 


Professor Harrison has formulated a 
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theory of polarity for applicatiol 





—Photograph from the Boston Traveler animal life Under its tenets all tissu: 
SIR ARTHUR STANLEY EDDINGTON has a positive and a negative pole, a 


PROFESSOR OF ASTRONOMY AND DIRECTOR OF THI 





OBSERVATORY AT THE UNIVERSITY OF CAMBRIDGE. 


physiology of plants, have strikingly) 


& 


similar nuclei. Already awarded the 
Nobel prize for his synthesis of hemin, 
Dr. Fischer is now essaying the synthesis 
of chlorophyll. Other attempts at the 
synthetic production of life substances 





were reported by Dr. Leopold Ruzicka, 





of Zurich, who has succeeded in com- 
pounding artificial male sex hormones 
One he synthesized is five times as potent 
as the corresponding one found in na- 
ture. 

Diabetes as a disturbance not only of 
one gland, the pancreas, but of several 
other glands, was discussed by Professor 
Bernardo A. Houssay, of the University 
of Buenos Aires. While the pancreas is 
important in that it produces insulin, he 
said, the liver, where sngar is manufac- 
tured, and the thyroid, the pituitary and 
the cortex of the adrenal gland which DR. FRIEDRICH BERGIUS 
control sugar content of the body, are PROFESSOR OF CHEMISTRY AT HEIDE! 
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MASAHARU ANESAKI 
PROFESSOR OF THE SCIENCE OF RELIGION AND THE 
HISTORY OF RELIGION, EMERITUS, AT THE IM 

PERIAL UNIVERSITY OF TOKYO, JAPAN 


quired very early in its development to 
determine its symmetrical placement in 
the embryo. Professor Spemann has 
found that, as the embryo develops, a 
set of chemical ‘‘organizers’’ takes over 
the task of directing growth, timing and 
regulating the formation of 
arms, legs, the head and other parts of 
the body. He has found where these 


proper 


organizers are, when they are ealled into 
play and how they act. Only their exact 
chemical nature remains a secret and 
Professor Spemann is now attacking that 
aspect of the problem. 

Another great stride toward unravel- 
ing the mystery that veils body processes 
was taken by Dr. John H. Northrop, of 
the Rockefeller Institute, who reported 
research on enzymes, those extraordinary 
substances within the living organism 
which control the rate of its reactions. 
Isolating a whole series of these enzymes 


and crystallizing them, he has found the, 
are proteins with chemical character- 
istics as clear-cut and definite as other 
protein molecules. So close is the rela 
tion, in fact, that he has been able to com 
pound several active enzymes from inert 
proteins. In some cases the conversion 
is autocatalytic, some enzymes having the 
power to form themselves from inert pro- 
Dr. Northrop has also conducted 
research in that twilight realm of being 


teins. 


inhabited by the filterable viruses, cause 
of such dread diseases as infantile pa- 
ralysis, and bacteriophage, the ‘‘eater of 
bacteria,’’ which saved so many lives 
during the world war. The formation 
of bacteriophage, he said, is a special case 
of autocatalysis, and although he has not 
isolated this substance vet, he has been 
able to concentrate it in a very pure 
form. 

Other speakers before the biological 
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symposium were Sir Frederick G. Hop- 
kins, of the University of Cambridge, 
who traced the influence of chemistry on 
biological thought ; Professor Filippo Sil- 
vestri, of the Royal College of Agricul- 
ture, Portici, who discussed the phe- 
nomena of multiple birth in the insect 
world; Professor Elmer Drew Merrill, of 
Harvard, who spoke of plants as indi- 
cators of civilizations; Professor Johan 
Hjort, of Oslo, who examined the bio 
logical processes of whales ; Dr. Karl 
Landsteiner, of the Rockefeller Institute, 
the interrelation of al- 
lergy, immunity and anaphylaxis; Dr. 
Shiga, of Institute, 
Tokyo, discoverer of the dysentery ba- 


Ww ho deseribed 


Kivoshi Kitasato 
cillus, who related recent progress in the 
fight that 
August Krogh, of 


against disease; Professor 


Copenhagen, who 
reported the use of isotopes for detect- 
ing the transfer of chemical substances 
within the Pro- 
fessor The Svedbereg. of the University 


living organism, and 
of Upsala, who described the great size 
and shape of the protein molecule, build- 
ing blocks of all living tissne. 
Additional speakers before the sym- 
posium in the physical sciences were Pro- 
fessor Ronald A. Fisher, of the Univer- 
sity of London, who discussed uncertain 
inference; Professor Godfrey H. Hardy, 
of the University of Cambridge, who out- 
lined the work of the Indian mathema 
tician, Ramanujan; Dr. Theodore Dun- 
ham, of the Mount Wilson Observatory ; 
Professor Megh nad Saha, of the Univer- 
Allahabad ; Arthur 
Haas, of the University of Vienna; Pro- 
fessor Howard P. Robertson, of Prince- 
ton; Professor Manuel 8S. Vallarta, of the 
Massachusetts Institute of Technology ; 
Dr. J. C. Street, Harvard; Dr. Eugene 
Feenberg, University of Wisconsin ; Pro- 
Eugene P. Wigner, 
Robert Oppenheimer, Uni- 


sity of Professor 


fessor Princeton ; 
Professor J. 
versity of California; Professor John H. 


Van Vleck, Harvard; Professor Arthur 


187 


Professor Walker 
Otto 
Stern, Carnegie Institute of Technology ; 
I. Rabi, Columbia; P 
Dunning, 


J. Dempster, Chicago ; 
Bleakney, Princeton; Professor 
Professor I. 
John R. 
K. T. Bainbridge, Harvard; Dr. Frank 
b. Jewett, of the Bell Telephone Labora 
William B 


Princeton, and Professor Peter Debye, 


roressor 


> . 
| rotessor 


Columbia: 


tories : Professor Seott. of 


of the University of Leipzig 


Speakers in the two symposia in the 
humanities were: ‘‘ Authority and the 
Individual’’: Professor Wesley C. Mit 


Robertson, the University of 


Columbia: Professor De ns I] 
( ambridge 
Profe J 1. > l. 

rotessol louglas B. ( opeland the Un 


Professor Willian 


E. Rappard, University of Geneva; Pro 


versity of Melbourne . 


; 


fessor John H. Clapham, University o 


Professor M Mac 
Professor Charles MeL 


Cambridge : Robert 
Iver, Columbia: 


Yale: 


Pri yfessor 


Andrews. Professor ol Nn Dewey 


Columbia; Edward S. Cor 


] 


Win, Princeton ; Professor Hans Kelsen. 


Professor Werner Jaeger, Uni 


Creneva: 
versity of Berlin; Professor Corrado 
Professor 
Ber 
Hazard, Collége de 
Howard M. Jones 
Edward J. Dent 


‘* Inde pel 


Borrowing in 


Gini, University of Rome; 


Friedrich Meinecke, University of 
lin; Professor Paul 
France: Professor 


Michigan: 


University of 


Professor 
Cambridge 
and 


denee, Convergence 


Institutions, Thought and Art’’: Profes 
sor Vere G. Childe, University of Edin 
burgh ~ Professor Michael | Rostov TZ ff 
Yale: Professor Eduard Nordet | ! 

versity of Berlin; Professor Leopold 


Vienna: 


sor Rene Maunier, University of 


Wenger, University of Profes 
Paris: 


Theo 


Profe SsSor 


Professor Louis Ginzberg. Jewish 


logical Seminary of America; 


Charles H. Dodd, University of Cam 
bridge ; Professor Frederick M. Powicke, 
University of Oxford; Professor Henry 


QO. Taylor, New York; Professor Adolph 
Pro 


fessor Joseph Bedier, Collége de France ; 


Goldschmidt, University of Berlin ; 
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DR. ANTONIE 


PROFESSOR OF ASTRONOMY AT THE UNIVER 


{ ‘ollégve de 


France ; National 
University of Peiping; Professor Masa- 


Gilson, 
Shih, 


Professor Etienne 


Professor Hu 


University of 
Pelliot. ( ‘ollége 


Imperial 


Paul 


haru Anesaki, 


Tokyo; Professor 
de France. 

From these four symposia the frame- 
work for the fifth and final symposium, 
Human Behav- 
The 
physiological, historical, social, political, 
psychological and cultural influence on 


‘*Factors Determining 


ior,’’ was constructed. chemical, 


man and his actions, all were examined 
in this climactic and panoramic diseus- 
sion. It was not expected that the sym- 
posium would give the final answer to 
that 


the questions involved, but each 


sex is the most powerful factor. 


——$—— 


Photograph from the Boston Traveler 


PANNEKOEK 


ITY OF AMSTERDAM, AND MRs. PANNI 


KOEK. 


point out some aspect 
Thus from the 


would be 


speaker would 
which he had studied. 


whole it pos- 


discussion as a 
sible to gain at least some conception of 
the complexity of the problem and of the 
important advances that have been made 
in recognizing influences other than pure 
reason on man’s conduct. That this pur- 
pose was realized is indicated by the wide 
variety of factors which the eight par- 
ticipating scholars presented for con 
sideration. 

To psychologist Charles G. Jung. of 
Zurich, hunger is the most 
influencing mankind, irrespective of the 
opinion of his great rival Freud, that 
Sex, 


potent urge 
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however, is second, according to Pro- mankind’s greatest liabilities. A third 
fessor Jung, and then come the drive to psychologist, Professor Jean Piaget, of 


activity, the urge to reflection and the the University of Geneva, urged 
creative urge. To physiologist Edgar D. study of the development of the infant 
Adrian, of the University of Cambridge, mind as a measure whereby the deve lop 


tracing the influence of the nervous sys- ment of man’s mind could be determined 


tem, a larger brain would make man bet- Philosopher Carnap emphasized how pas 
ter behaved. With a brain twice its’ sions often outweigh reason and warned 
present size, man’s behavior would be that logic must take into account the 
superhuman, he said. Dr. James B. Col- logical. From Dr. A. Lawrence Low: 
lip, MeGill biochemist, named the pitui- president emeritus of Harvard, came ar 
tary gland as having tremendous influ- example from history as evidence of how 
ence on man’s behavior, although he men, like animals, may attain a consistent 
declared other glands and various other and harmonious method of conducting 
organs have additional effects. Another their affairs, although the result may be 
psychologist, Dr. Pierre M. F. Janet, of the exact opposite of their preconceived 
the Collége de France, cited nervous ex ideas. The concluding speaker, anthr 
haustion as a factor, terming it one of  pologist Bronislaw Malinowsk f the 
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PROFESSOR PIERRE MARIE FELIX JANET 


PROFESSOR OF PSYCHOLOGY, COLLEGE DE FRANCE, AND MME. JANE’ 
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ARTHUR HOLLY COMPTON, PROFESSOR OF PH‘ 


TAYLOR COMPTON, PRESIDENT OF THI 
University of London, traced the broad 
influence exerted by varying cultures. 

the 


conterence 


Perhaps one of most significant 
the 


symposium not or the official program, 


results of came from a 


vet conducted with the cooperation of 
Harvard University and four renowned 
scholars who participated in the confer- 
ence: Dr. Dewey, America’s outstanding 
philosopher; Dr. distinguished 
historian ; 


Gilson, 


Dr. Malinowski and 


Kreneh 


Dr. Hu, one of China’s leading thinkers. 
In a special interview these men were 


sIcs 


MASSACHUSETTS 


Photograph from the Boston Traveler 


AT THE UNIVERSITY OF CHICAGO, AND Dr. KARI 


INSTITUTE OF TECHNOLOGY. 
asked to summarize the net results of the 


academic sessions by several members 
of the National 
Writers who had reported the meetings. 
With the exception of Dr. Hu, who ap 


proved its purpose, but doubted its effi 


Association of Science 


cacy, all agreed that the conference might 
well form the basis for a permanent in 
court of organized 
knowledge, dedicated to the 


guidance of humanity in the solution of 


ternational supreme 


intelligent 


practical world problems. 


WESLEY FULLER 
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as the nation has grown. It has 
to provide efiicient, 
service to 













“ 4 to be big 
» adequate 
7 127.000,000 peop 


telephone 
le. 


BELL TELEPHONE SYSTEM 





x THE SCIENTIFIC MONTHLY 


SCIENCE 
PROGRESS 


A QUARTERLY REVIEW OF 
SCIENTIFIC THOUGHT. 
WORK AND AFFAIRS 
Contents for October 





) No. 122. October, 1936 >>| 


ADVERTISEMENTS 


SEMIADDITION 


= Operation Sign Direction 
Addition FORWARD 
-—-+;+—+ Subtraction —- BACKWARD 
Semiaddition + LEFTWARD 
=z Semisubtraction = RIGHTWARD 


An exposition of the logical basis for this conception is given 
by Robert A. Philip in a monograph BIFOLIATE NUM- 
BERS, price one dollar, The Monographie Press, 106 
Washington St., Fairhaven, Mass. 
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| By Prof. CHARLEs SINGER 
Versatility. A review of the Collected 
Scientific Papers of Sir William Bate 
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Reviews of some 60 books 
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Annual postal subscription, 31s. 2d. 
EDWARD ARNOLD & CO. 
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THE RELATIVITY THEORY 
SIMPLIFIED 
and the Formative Period 
of its Inventor 
‘*Max Talmey, a doctor of medicine and 
a personal friend of Einstein, has succeeded 
as probably no other man has in producing 
a book, explaining the relativity theory which 
any person of ordinary intelligence can read 
with understanding. His powers of logical 
but simple exposition are remarkable’’— 
American Mathematical Monthly. 
Price, postpaid, $1.85. For Sale by 


THE DARWIN PRESS, 
New Bedford, Mass. 
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Adventure Shop of Anthony Fiala 


Complete Equipment for 
Explorers, Scientists, Engineers, Hunters and Travelers 








We have Equipped many Expeditions from the Poles to the Equator 


Some of these exploring parties we equipped with practically every 
thing they needed from engineering instruments to rifles, ammunition and 
food. Our tents, made of Equatorial Waterproof Cloth, have stood the sun 
of the tropics and the freezing blasts of the Polar regions. 


Let us furnish estimates—write us your wants. 


Portable Sample Storage Set 


Plastic Case, Plastic Vials, Aluminum Caps 
Complete outfit weighs only 18 oz. 
Unbreakable, Waterproof, Oilproof 

and Soilproof 
No Labels Needed—Write on the Caps 


® Keep your samples in orderly arrange 





ment and accessible for quick reference. 
Compact and out of the way. 

® Model No. 1 contains fifty-six 244" x 34” 
vials. The outer case 1S of Tn Bake 
lite which will not be damaged by water 
or chemicals. The vials are of unbreak 
able transparent plastic material, bearing 
a threaded aluminum cap. 

Useful to chemists, geologists, entomologists and science students, for keeping 

small samples and fragile specimens in orderly arrangement. 


Single Set - $3.50 each 
Plus postage 20¢ 


FIALA OUTFITS, Inc. 


ANTHONY FIALA, Pres. 


10 Warren Street, New York City 
TELEPHONE CORTLANDT 7-4725 CABLE “AFIALA” NEW YORK 
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Standard College Textbooks 


Personal and Community Health 
By Clair Elsmere Turner, M.A., Dr.P.H., Professor of Biology and Public Health, Mas- 
sachusetts Institute of Technology. 680 pages, 131 illustrations, with 4 color plates. 
Fourth edition. Price, $3.00. 

‘*This probably will be considered by many as the best textbook which has yet appeared for 

students in colleges, universities, teachers’ colleges, and some technical schools.’’ Amer. Jour. 


of Public Health. 


A Textbook of Physiology 
By William D. Zoethout, Ph.D., Professor of Physiology in Chicago College of Dental 
Surgery (Loyola University). Fifth edition. 694 pages, 271 illustrations. Price, $4.00. 
This book fills the gap between the larger texts of which there are many in the field and those 
offering a briefer course of physiology. 


Elements of Psychology 
By Knight Dunlap, Professor of Psychology, University of California. 499 pages, with 
65 illustrations. Price, $3.00. 
The principles and fundamentals of psychology are taken up in a logical manner and fully 
explained. 


Fundamentals of Human Physiology 
By the late J. J. R. Macleod. M.B., Late Regius Professor of Physiology, University of 
Aberdeen, and R. J. Seymour, M.D., Professor of Physiology, Ohio State University. 
Fourth edition. 424 pages, 108 illustrations, with 4 color plates. Price, $2.50. 





Physiological Chemistry 
By J. F. McClendon, Ph.D., Professor of Physiological Chemistry, University of Minne- 
sota. 454 pages, with illustrations. Sixth edition. Price, $3.50. 
The plan of this book is to cover as completely as possible in a brief but adequate manner the 
general field of physiological chemistry, so that the student or physician may obtain a clear 
idea of the properties of the compounds which are physiologically important. Many experi 
ments are included. 


A Textbook of General Biology 
By E. Grace White, Ph.D., Professor of Biology, Wilson College, Chambersburg, Pa. 615 
pages, 295 illustrations. Price, $3.00. 
Provides an elementary text for college students which will adequately cover both the animal 
and plant kingdoms. 


A Laboratory Manual of General Biology 
By E. Grace White, Ph.D., Professor of Biology in Wilson College, Chambersburg, Pa. 
232 pages, 7% x 10%, in loose-leaf form, punched to fit standard two- and three-ring 
binders. Price, postpaid, $1.50. 

This manual is arranged to follow the author’s Textbook of General Biology. 


Principles of Chemistry 
jy Joseph H. Roe, Ph.D., Professor of Biochemistry, George Washington University 
Medical School. 475 pages, 39 illustrations, 2 color plates. Fourth edition. Price, $2.75. 
An introductory textbook of inorganic, organic and physiological chemistry for nurses and 
students of home economics and applied chemistry. 


Principles of Bacteriology 
By Arthur A. Eisenberg, Director of Laboratories, Sydenham Hospital, New York City, 
and Mabel F. Huntly. Sixth edition. 378 pages, 90 illustrations with 8 color plates. 
Price, $2.75. 

Bacteriologists and teachers have acclaimed this book because it presents a modern and complete 

course in every sense of the word. 


An Introduction to Materia Medica and Pharmacology 
By Hugh A. McGuigan, Professor of Pharmacology, Materia Medica, and Therapeuties, 
University of Illinois, School of Medicine; and Edith Brodie. 580 pages, 71 illustrations, 
28 color plates. Price, $2.75. fa 


The C. V. MOSBY COMPANY—Medical Publishers 


3523 Pine Boulevard St. Louis, U. S. A. 
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Important New Publications 


VEW (11TH) EDITION JUST READ) 


A TEXT-BOOK OF 
PHARMACOLOGY AND THERAPEUTICS 


The Action of Drugs in Health and Disease 
By Artuur R,. Cusnny, M.A., M.D., LL.D., F.R.S 


Late Professor of Materia Medica and Pharmacology in the University of Edinburg 
Thoroughly revised by C. W. Eomunops, A.B., M.D., Professor of Materia Medica and Therapeutics in t 
Michigan, Ann Arbor, Michigan, and J. A. Gunn, M.A., M.D. D.Sc.. Professor of Pharn 





in the University of Oxford, Oxford, England 
Octavo, SOS pages, illustrated with 3 engravings ( h, Xe 
The appearance of the eleventh decennial revision of the Pharmacopoeia of { 1 St 

tensive changes, especially in the lists of official preparations. It has furnished an opportunity, not only t 
work but to make a very considerable rearrangement of its order Phe successor f tl stinguished 
maintained the rigorously scientific and critical spirit that has made this book internatior 
structive mind and critica! judgment, the breadth and accuracy of his knowledge and his unswerving | t of trut I 
edition is in every way worthy of him 
VEW (7TH) EDITION ST RI 


STARLING’S PRINCIPLES OF 
HUMAN PHYSIOLOGY 


Edited and Revised by 


C, Lovatt Evans, D.Sc., F.R.C.P., F.R.S 


Jodrell Professor of Physiology in University College, | 
Octavo, 1109 pages, illustrated with enaorar s. ¢ ( h 
In the preparation of the seventh edition of this classic work, the editor 
tween its various parts to present every aspect of a rapidly growing subject evelopment large 
in biochemical knowledge. Practically every chapter has been revised to embrace these features 
been rewritten Dr. Hartridge has again revised the chapters on the Cent: Nervous Systen ' S; S 


Professor H. J. Channon has made a valuable contribution to the parts dealing with fat metab« 


VEW (2nd) EDITION JUST READ) 


A TEXT-BOOK OF 
INORGANIC PHARMACEUTICAL CHEMISTRY 


For Students of Pharmacy and Chemistry 


By CHARLES H. Rogers, D.Sc. (in P 
Dean of the College of Pharmacy and Professor of Pharmaceutica! Chemistry niversity {M 
Octavo, 724 pages, illustrated with 55 enaravinas. ( th. & 

The eleventh decennial revision of the United States Pharmacopoeia and the sixth edition of the National I ! 
have necessitated many additions, deletions and improvements and a complete revision of this text. T! it 
pharmaceutical science have of late been unusually rapid and inclusive in their scope They are refi 
edition. Radical changes have been made in the subject matter under such topics as Properties, Tests for Identity, Ass 
Pharmaceutical Preparations, Pharmacological Actions, Uses, et« The newer processes in tl th f 


producing chemical compounds of pharmaceutical interest have been included and the obsolet 








WASHINGTON SQUARE 
LEA & FEBIGER PHILADELPHIA, PA 


Please send me books checked: 


]Cushny’s Pharmacology & Therapeutics $6.50 Rogers’ Pharmaceutical Chemistry $7.00 
]Starling’s Physiology 8.75 Catalogue 
Name Address 


(S.M. 11-36) 
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Abnormal Personality and Time 


By NATHAN ISRAELI, Ph.D. 
WITH A FOREWORD By Irvine J. 
M.D., Attending Neurologist, Neurological 
Institute, New York City 
WITH AN INTRODUCTION By 
Murpny,Pu.D., Columbia University 
xii + 123 pages. 


SANDS, 


GARDNER 


2.50 
CONTENTS 
PART ONE: INTRODUCTORY 
I The Psychopathology of Time 
PART TWO: OUTSTANDING CASES 
Il Outlook of a Depressed Patient, Interested in 
Planned Gambling, Before and After His 
Attempt at Suicide 
III Political Outlook of a Delusional Utopian (Para 
noid Schizophrenia) 
IV Stability in Time Notions and 
(Mania) 
VA “Future 
phrenia) 
THREE: ABNORMAL MENTAL 
ESSES AND TIME EXPERIENCE 
VI Outlook, Time Attitudes and Experience in 
Paranoid Schizophrenia 
VII Outlook and Time Relations in Mental Disorders 
PART FOUR: AN EXPERIMENT IN FUTURE 
AUTOBIOGRAPHY 
VIII “Future Autobiographies” of Psychotics 
IX “Future Autobiographies” of Superior Students 
X Mental Abnormality and Superiority 
PART FIVE: CONCLUSIONS 


XI Summary and Conclusions 
THE SCIENCE PRESS 


PRINTING COMPANY 
LANCASTER, PA, 
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ANNOUNCING THE 
ONE HUNDREDTH ISSUE 
OF 


THE COLLECTING NET 


A journal devoted to the scientific work at 
marine biological laboratories 
PARTIAL TABLE OF CONTENTS 
“On the Mode of Operation of the Organizer,” 

Dr. Hans Spemann 
“Relations of Symmetry in the Developing Em 
bryo,” Professor Ross G. Harrison 
“Genesis of Respiratory Movements in the Foetus,” 
Sir Joseph Barcroft 

“Plutei with Nucleus and Cytoplasm of Another of 
a Different Species,” Dr. Sven Horstadius 
“Conservation Work of the Bureau of Fisheries,” 
(with color plate) Commissioner Frank T. Bell 
“Research Facilities of the U. S. Bureau of Fish 
eries.”” (with 4 plates) Chief Elmer Higgins 
A full report of the Woods Hole meeting of the 


Genetics Society of America with two group 
photographs. 
Aerial photograph of the three Laboratories at 
Woods Hole. 


And other material 
$2.00 a Year Anniversary Issue 30¢ 


THE COLLECTING NET 
U. 8. BUREAU OF FISHERIES, 
WOODS HOLE, MASS. 


























A History of 


Secondary Edueation in Pennsylvania 


(714 pages, fully illustrated) 


By James MuLuern, University of Pennsylvania 


Price $5.00 


A student of educational history for the past twenty years writes concerning this book: 


“Since 1925, 


when work on the History of Secondary Education in Pennsylvania was begun, the 


libraries and other repositories of the state have been combed for materials related to the development 


of this important phase of public education in Pennsylvania. 


Private personal collections and the records 


of public and private schools throughout the state have been sought, and have yielded a rich supply of 
data which has not been employed by previous students of the subject. 


“Notable among the features of special interest in this excellent volume are the chapters on the Penn 
Charter School and Philadelphia Academy, based on the manuscript records of these institutions; 
the academies, private and public; and the rise of the public high school, based on 
Unlike most histories of education, here a successful attempt 


education of girls; 


official documents, manuscript and printed. 


the 


has been made to treat adequately the economic, social, political, and religious phases of the background 
out of which the educational institutions and practices of Pennsylvania developed. 


“The extensive character of the sources, the critical manner in which they have been employed, the 
intelligent relation of educational to other developments in the state, and Dr .Mulhern’s lucid presenta- 
tion of the whole matter combine to make this the most significant contribution to our state educational 


history.” 


Distributed by 


THE SCIENCE PRESS PRINTING COMPANY 


LANCASTER, PA. 
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PATHFINDERS IN MEDICINE 


VICTOR ROBINSON 


Professor of History of Medicine, 
Temple University School of Medicine 


Philadelphia 


So far as the reviewer is aware, it is the first book to combine 
trustworthiness, comprehensiveness and high adaptability to the needs 
and interests of the general reader. It is high time that the public 
should realize the degree to which medicine has influenced the course 
of civilization and promoted human well being . . . . Once we learn 
properly to appraise these landmarks in the history of medicine in 
relation to the progress of human culture and mundane happiness, we 
shall be on our way toward acquiring both a sane historical perspec- 
tive and a civilized philosophy of life. No other book in the English 
language is so well fitted to bring about this salutary transformation 
in the popular judgment of historical values as Pathfinders in 
Medicine. 


—Harry Ermer Barnes: New York Telegram 


Cloth, xvii + 810 pages, and 150 inserts Ten Dollars, Postpaid 


Froben Press: Publishers of Historia Medicinae 
Twelve Mount Morris Park West, New York, N. Y. 


Enclosed find check for $10.00 for which send me Victor Ropinson’s “Path- 
finders in Medicine.” 
Name 
Street 


City . 


State 


AIAN 




















THE WORLD OF CHEMISTRY 


E LIVE our lives amid material things. To the understanding of this environ- 
Wes man has given centuries of toil and thought. Slowly superstitions have 
given way to scientific facts. Great minds have delved in obscurity to bring 
forth scientific principles. When these were numerous enough and became properly 


classified, the sciences of today came into being. 





The pathways to the sciences were not dull and 
humdrum, for along the road lay adventure, romance, 
and even tragedy. Ever the scientist sought the 
truth. Always he regarded his labors as vain un- 
less he gave a better understanding of the world 


FIRST. 
OF CHEMISTRY 


e ee ape about him and turned his discoveries to the service 
PRINCIPLES 
of mankind. 


Chemistry offers a rich field to the inquiring mind 
and brings great reward to those who understand 
its teachings. It is of constant practical value. It 
tells how to select proper materials for every kind 
of construction. It has rendered available many 
metals and special alloys that make our trains, auto- 
mobiles, and airplanes more serviceable. It has 





made the soil more fertile and has revealed the 


nature of our food. It shows us that the human 





body is a living chemical laboratory, and that even 


thought has a chemical basis. | ABORATORY 
EXPERIMENTS 
IN CHEMISTRY 


The modern textbook in chemistry reflects its 
history, spirit and service to mankind. It is not a 
mere epitome of facts—scientific principles serve as scene 
luminous guides along the course the learner must 
take. Vivid illustrations and simple language make 
clear the practical applications of science. There 
is careful selection of valuable topics properly 
grouped. There are devices for testing the learn- 
ing of the student in accord with modern educa- 





tional practice. 


Best of all, the study of chemistry in this modern manner trains the mind in straight, 
honest thinking—the true preparation for facing the realities of the present day. 


Allyn and Bacon 


Boston New York Chicago Atlanta Dallas San Francisco y 








